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Volumetric analysis
Titrimetry

volumetric analysis = titrimetry = titrations

measured volume of titrant (from burette) is added
to titrand (with added indicator) in Erlenmeyer flask
to endpoint of titration = equivalence point)

A+B o AB

B — titrant (reagent), A — titrand (analyte)

endpoint determination
visual (indicators) subjective method
instrumental (measurand = phys-chem.met.), objective met.

fast chemical reaction (reaching equilibrium)
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Classification of titration methods

methods based on:
1) combination of ions
2) transfer of electrons

)

neutralization = acid-base titrations
acidimetry (titrant = acid))
alkalimetry (titrant = hydroxide, base)
precipitation titration — argentometry (Ag®)

complexometric titration
chelatometry (H,Y?#)
mercurimetry (Hg?*)
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Classification of titration methods
2)
o oxidimetric titrations
manganometry (MnO,")
cerimetry (Ce#")
dichromatometry (Cr,0,%)

bromatometry (BrO;)
lodometry (l,)

o reductometric titrations
titanometry (Ti%*)

chromometry (Cr?*)
iodometry (S,05%, AsO,*)
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Volumetric vessels

volumetric cylinder (CSN 704117, 704118) volume
calibrated for emptying

volumetric flask (CSN 704106) calibrated for
volume included in the flask up to the mark ,IN”

pipettes (CSN 704119, 704120) emptying (15 sec)
do not blow out!!!

graduated
non-graduated
piston pipettes, micropipettes

burettes (CSN 704130) outpouring (30-60 sec)
o parallactic error, calibrated beginning with ,zero"
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Calibration of volumetric vessels

volume calibrated at 20°C
correction is necessary for different temperature

change of concentration of solution is = 0,02%
rel. at At=x1°C

glass dilatation

Vt2 :th [tll+0’|:ﬁt2 _tl)]

V, =V, [[1+a((t-20)] a=2,65010" [cm3 [K‘IJ

KS — Kavalier Sazava

prof Viktor Kanicky, Analyticka chemie I




Checking calibration — for accurate
determination

procedure: at a given temperature and
atmospheric pressure in the laboratory we find
mass by weighing H,O required to fill the
container to the mark or to empty the container

actual weight is compared with tabulated value
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Checking calibration

table value — indicates, depending on temperature, mass
of water filling volume of 1000 cm3 at 20° C and 760 torr

this table value includes:
correction for water dilatation with temperature

correction for air buoyancy (flask, weight)

specific mass of air, corrected for temperature and content of
H,O vapor (50%)

correction for thermal dilatation of glass

table value applies at 760 torr and identical temperature
of water and air; if pressure differs from 760 torr, and
temperature of H,O differs from that of air, then

correction: Av =m|(760.0-p)m.4+(t, —t,,, ) 2|00 |em’]
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Example

what is accurate volume of 250 cm3 volumetric flask at
20°C, if water mass (17°C) in flask filled to the mark is

249.12 g7 Air temperature is 21°C; barometric pressure
Is 771 torr.

Solution:

tables indicate that V = 250 cm? at 20°C corresponds
to 997.631/4 = 249.408 g of water at 17°C; at the
same temperature of air and at pressure 760 torr.
Correction for air pressure and air temperature reads:

AV =249.408((760-771) (1.4 +(21-17)14] 1107 =
=1.500%*cm’ - negligible
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Example

for correct volume confining in flask, water
should have mass

24941¢9g....... 250 cm?
however, it was found
249129 ....... X cm3

A=-029g=0.29cm’
real volume of flask at 20°C is 250 — 0.29 =
= 249.71 cm?3
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How the table values m for calibration of
vessels are calculated ?

Example: calculate amount of H,O necessary to
weigh at 760 torr at water/air temperature 23°C,
50% humidity, in order to fill volume 1000 cm?3 at
20°C and 760 torr?

Solution
1) mass of 1000 cm? H,O at 23°C from tables—

Puo(23°C)=0.997533 g @m’ — m, =997.533¢
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How the table values m for calibration of
vessels are calculated ?

2) we find m,, of brass weight necessary for
weighing of 1000 cm?3 H,O at 23°C on air; we
tare empty flask, fill with H,O and weigh:

ARCHIMEDES" LAW.

ml _pair D]OOO = mz _pair Ij&

\\%

-3

P, =84 glem” brass
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How the table values m for calibration of
vessels are calculated ?

Dry air specfic mass at 23°C from tables :
1.19227.10-3 g.cm3. Water vapor pressure at 23°C
Is 21.086 torr. At 50% air humidity is half = 10.534
torr. Partial pressure of dry air is 760-10.534 =
749.466 torr

P (r19) = 9400 _ 1 175741107 g [em™

loair(760) 760
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How the table values m for calibration of
vessels are calculated ?

Tables: saturated water vapor mass in 1 cm?3 at 23°C is
2.062.10°g
50% humidity ~ 1/ ie.1,03200 ¢ - p,,(23°, 50% hum., 760torr) =

= (117574007 +1,03210°°) % =P, =L186000 g [6m”

Now we calculate m
= _ Puo(23°)11000 - p,, [1000

1= P/ Py
~997,533-100001,186 107
~ 1-1,1860107/84
corresponds to volume 1000 cm?3 H,O at 23°C

m,

=996,508 ¢
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How the table values m for calibration of

vessels are calculated ?

3) Flask 1000 cm? (20°C) has at (23°C) volume given by
glass dilatation:

V,, =V, [1+a(t-20)] =1000 1 +2.651107 [(23 - 20)| =
=1000.080 cm’

i.e. to m, value it is necessary to add
Am =0.080[0.99753 =0,080g —

. m=m, +Am =996.588¢

Result: 1000 cm? at 20°C and 760 torr corresonds to
996,588 g H,0 23°C, weighed at 23°C and 760 torr and
50% humidity.
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Preparation of solution at a given

concentration

weighing (watch glass, ground-glass weighing
bottle, weighing boat)

quantitative transfer into volumetric flask after
dissolution in beaker (using glass rod, funnel, do
not stain the joint of the ground-glass flask)

tempering of the flask and solution,
mixing (volume contraction)

filling up to the mark

mixing

transfer of solution into the storage bottle
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Pipetting

Suck solution into a clean pipette (standard, sample),
rinse the inner wall of the pipette, drop the solution
into the waste (do not drop it back into the storage
bottle!) better to pour a small amount to a small
beaker and rinse pipette using this separated solution.

Suck the solution into the rinsed pieptte up to the
mark, dry the pipette tip with filter paper, adjust
meniscus to the mark, insert pipette into the vessel
(flask) so that the tip touches the the wall of the neck.

Let the solution flow out loose, empty, wait 15-20 sec
and pipette tip wipe of the neck wall, do not blow out!!!

Finally, rinse the pipette with distilled water and place
it into stand
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Titration

burette is filled using funnel 2 cm above the 0 mark
after the funnel is put aside, titrant solution is run off by
stopcock or clamp to zero mark read the bottom of
meniscus, check if air bubbles are not present

titrand solution pour into beaker or Erlenmeyer flask, add
indicator, mix by swirling with beaker in left hand, by right
hand control the stopcock to deliver titrant

before the endpoint rinse the walls of the titration beaker
or flask with distilled water from the wash bottle and
finish titration dropwise

wait 20-30 sec (flowing of titrant from wall of beaker) and
read out the volume of titrant consumption, estimate
0.01ml

repeat with aliquotes 2x, 3x (titration proceeds faster)
Calculate mean value of titrant consumption and resuilt.
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Expressing of solution concentration

Content of constituent in solution: Sl since 1.1. 1980
norm, standard CSN 011300:

o In units of amount of substance [mol], [mmol]

0 In_concentration
chemical amount [mol.dm3] = M [mol.|-]
mass [g.I'"], [g.dm-3], [mg.I""]
volume [l.I'], [dm.dm-3]

0 by fractions
amount of substance [mol.mol-'] — dimensionless
mass [kg.kg'] — dimensionless, x 100 = [%]
volume[dm?3.dm-3] — dimensionless, x 100 = [%)]
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Expressing of solution concentration

Definition of substance amount: 1 MOLE — The mole is
defined as the amount of substance that contains an equal
number of elementary entities as there are atoms in 0.012 kg
of the isotope (nuclide) 2,C. This number is called
Avogadro's number and has the value 6.02214179(30)x 1023,
It is the numerical value of the Avogadro constant which has
the unit 1/mol, and relates the molar mass of an amount of
substance to its mass.

Elementary particles: atom, molecule, ion, electron, fraction
of atom, ion, molecule, which corresponds to 1 electron or H
(chemical equivalent) also multiple...

N, =6,023 . 102> mol-
e.g.: 1 mol (H,SO, / 2)
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Expressing of solution concentration

Unit substance amount has extensive

properties: 1 mole :

o Molar mass — numerically = relative molar mass
formula: M(H,S0O,)=98.08 g.mol-!,1mol = 98.08 g
H,SO,

o Molar volume M/p =V, (dm3.mol)

V., (H,0), 25°C, je 18.07 cm?
o Charge (1 mole of ions Cu?*= 1.93.10° C.mol")
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Ratios of substance amounts In

equivalence point
NaOH +HCI « NaCl+H,0 n(NaOH)=n(HCI)=n(NaCl)
2NaOH +H,SO, « Na,SO, +2H,0O - Imole H,SO, =2moles
NaOH — ratio of substance amounts in equivalence is
n(NaOH) ; n(H2804) =2:1
n(NaOH) = 2n(H,S0O, )

or: n moles of NaOH = n moles of chemical equivglents (H,S0,/2) = is
equivalent to 1 mole of H*

n(NaOH) = n(stO4 /2)
milimol = mmol — at titrations more suitable
1000 ml 0.1 M HCI = 0.1 mol HCI — 1 ml contains 0.1 mmol

Substance amount expressed in mmol in given volume is
Cu (mmol [l ) Df(ml) =n, (mmol)
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Calculation of concentration change at
titration

¢,Vi—¢c,V, _n —n,
V, +V, V, +V,

C —

Example: 100 ml 0.1 M HCI + 90 ml 0.1 M NaOH
¢ (HCI) = ?

_10010.1[mmol HCI]-9010.1 [mmol NaOH] _

“hc = 190

LO =0.0053 mmol[ml™ =0.0053 M HCI
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Result of analysis

Mass units % (m/m, m/v, v/v)
ppm = 104 %, ppb = 10" %
(pars per million; pars per billion)
Concentration in mol.I"', mg.|"

x(%) = (m, /z)100 = M 000 7. sampleweight
V4

aliquote of sample — aliquote volume V, of total V, —

x(%): (mA /z)[ﬁ[lOO (mA 1 1n Va)
\

a
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Stoichiometric relations and equivalence
ratios at titrations

a) def. fractions atoms, ions, molecules,
corresponding to1 chem. equivalent (1H* acid-
base reactions, 1e- redox.)

2+ 2-
Imole” Dlmol(KMnO“j Dlmol(Fe ] = hrnol...(CzO4 j

5 1 2
solution KMnO,; ¢(KMnO, /5) = 0.1mol 0" =[(158.04/5)[0.1]
grams KMnO, in 1 liter of solution, M(KMnO 4) =158.04g [mol™
Iml cont. 0. 1mmol (KMnO, /5) = 0. lmrnol(Fe2+ ) =
=~ 0.lmmol (H,C,0,/2) - 1ml 0.IM (KMnO, /5)=
~5.58 mg Fe”* =6.30mg H,C,0, 2H,0
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Stoichiometric relations and equivalence
ratios at titrations
b) Substance amount in moles of entire molecules,

atoms, ions; formulation of stoichiometric relation
by chemical equation

MnO); +5Fe”" +8H" « Mn** +5Fe* +4H,0
n(MnO;): n(Fez+) =1:5

titrant: c(KMnQO,) = 0.02 mol.|-’

Im10,02M KMnO, [00.02mmol KMnO, [10,lmmol Fe**
=~ 5.58mg Fe”*
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Calculations of titration determinations
according to a), b)

Determination of CO, in anhydrous Na,CO4 titr.

0.1M HCI using methyl orange indicator
Na,CO, +2HCI «~ H,0+CO, +2NaCl

M(Na,CO,)=105.98 g [nol ™

M(chem.equiv.) = M(Na,CO, /2)=52.99 g [nol ™
M(CO,)=44.01 glmol™

M(chem.equiv.) = M(CO, /2) = 22.00 g (ol ™
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Determination of CO, in anhydrous
Na,COj titr. 0.1M HCI with m.o.

procedure: 600.0mg Na,CO, - V, =100 ml; V, =10 ml
added vol. to eqiv. point V__. =10.5ml HCL; ¢, =0.11moll™’

equiv

a) 1mol chem. equiv. J1mol H™ 1 mol HCI 1 mol (CO2 / 2) [
" 1mol (Na,CO, /2)ie.:
1 ml 0.1 M HCI contains 0.1 mmol HCI, reacts with 0.1

mmol (Na,CO,/2) = 5,29 mg Na,CQO,, corresp. 0.1 mmol
(CO,/2) = 2.2 mg CO, — calculation:

Iml0.11M HCI=0.11 mmol HCI = 0.11 mmol (CO, /2)
in_ 10 ml of aliquot is at titrant consumption 10.5 ml HCI:

10.5[0.11 mmol (CO, /2)
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Determination of CO, in anhydrous
Na,CO, titr. 0.1M HCI with m.o.

in 100 ml of original sample solution is:
10.5[0.11[10 mmol CO, /2 M(CO,/2)=22.00g.mol”
iIn sample weighed portion is:

10.500.1100 €22.0000 ¢ CO, =0.2541 g CO,
0,2541

X% = 2 - (100 = 42,35 %
v, L
equiv LC1 L [M(chem. equiv.)[10
V
x(%)= : 100

m

equiv V,, V, [ml] ; Cr [mol (17" = mmol [ml'l]; m[g];

M(chem.equiv.) [g Enol_l]; M(chem.equiv.) 10~ [g Hnmol_l]

v
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Determination of CO, in anhydrous
Na,COj titr. 0.1M HCI with m.o.

b) Imol Na,CO, =2 mol HCl =1mol CO,

ratio of substance amounts (moles) in equivalence
n(CO,):n(HCI)=1:2

1 ml 0.1 M HCI contains 0.1 mmol HCI, reacts with 0.05

mmol Na,CO; i.e. 5.29 mg Na,CO,, formed 0.05 mmol

~0z (2.20 mg) ¢, Cra g pvi(a)do™
T
ot Y 100

v

equiv

X(%) =

n,/ny — ratio of substance amount of titrand A and titrant T
when reaching point of equivalence
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Determination of titer of titrant solution
(standardization)
Primary standard

purity at least 99,99 %
defined and known composition

guantitative stoichiometric reaction with
standardized titrant (standard solution)

stable and constant composition of primary
standard on air and by drying

easily soluble in water
large equivalent mass
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Titer determination
1) larger volume of primary standard solution is prepared

and repeated titrations of its aliquots are performed

2) for each titration individual weighed portion of primary
standard is prepared and dissolved — titrated individual sol.

Ex.: standardization of solution of NaOH by oxalic acid
2NaOH+HOx « Na,Ox+H,O0 Ox =oxalate
n(NaOH):n(HOx)=2:1 NaOH=T,HOx =S
n, (nr/n, ), [V, [c, 1107

— . — S
CT __’CT -

VT VT
Ct— concentration of titrant the accurate concentration (titer) of which
has to be determined (NaOH)

(N1/Ng)equiv — SUbstance amounts ratio (molar ratio) in equivalence point
V,, ¢, — volume and concentration of primary standard solution
V; — consumption of titrant to point of equivalence

11000 [mol [1”
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Titer determination

factor of standard solution £ = Vineo
Vi
o Factor (LJ1) obtained as a ratio of theoretical titration consumption of
solution to be standardized (as if it had accurate concentration), and
actual titration consumption of solution to be standarized to reach

equivalence point. By this factor the approximate concentration of
titrant is multiplied to obtain accurate concentration.

a0 ex.ca 0.1 M NaOH, f(NaOH) = 1.0156 — c(NaOH) =
0.1x1.0156 = 0.10156 mol.|"

Titration evaluation: 1. titration preliminary, 3x repeated,
outlier value excluded statistically, titration is then repeated
and average value is calculated using 3 values of
consumption. Standard deviation — precision of
determination
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Acid-base titrations

aqueous medium, non aqueous medium (CH;)SO, EtOH,

CgHg, HAC

water— high value of dielectric constant— complete
dissociation of electrolyte

Acid-base theory

1) ARRHENIUS (1887)
2) BRONSTED, LOWRY (1923)

acid « H* + base (conjugated pair)
HB - H" +B~
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Acid-base titrations

acid base acid base
HCl ~ CI"+H" H,CO, ~ HCO; + H
CH,COOH, -~ CH,COOH+H" HCO; « COY + H
H

+

acetacidium

+

NH; - NH, +
H,0" - H,0+H"

oxonium H,O - OH + H
H,PO, ~ H,PO, +H" NH, « NH;, + H
H,PO; ~ HPO> +H" CH,COOH « CH,COO™ + H*

HPO>" ~ PO +H* AlloH, )" - [Al(oH,).oH[" +H*
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Acid-base titrations

acid-base (protolytic) reactions — between 2
conjugated pairs
o H* is not in solution alone
HAc o H" +Ac”
H,O+H" -~ H,O"
HAc+H,O0 « H,O™ +Ac”

acid 1 + base 2 < acid 2 +base 1
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Acid-base titrations

Strong acid is conjugated with weak base and vice versa
H,O - H"+OH~ strong acid
H,0+H" - H,0" strong base

solvents:

o amphiprotic (H,O, MeOH, EtOH, HAc, NH,CI)

o protophilic (basic, increase acid strength; ether = (Et),0,
dioxane C,N;O,, DMF = HCON(CH,),, DMSO (CH,),SO)

o protogenic (acidic, decrease acid strength, HCI, HF)
o aprotic (benzene, tetrachlormethane)
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Acid-base titrations

amphiprotic solvents— autoprotolysis

2H,0 -« H,0" +OH"
2NH, ~ NH, +NH,
2HAc ~ Ac” +AcH;
generally:2HR - H,R* +R~

K, =a(H,R*)la (R")
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Dissociation of acids and bases

Dissociation of weak acid
HB+H,O - B™ +H,0"
_a(B_)[a (H O+) _a(B_)[a (H O+)
Ko = e (o) =~ < W)= )

thermodynamic dissociation
acidity constant

c<10*M=a, - B] —> concentration constant

K = [B‘][[Hg)O*] N [Bi[[H*] acidic dissociation constant
"o [uB]  [HB] of acid
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Dissociation of acids and bases

Disociation of weak base B
B+H,0 - BH" +OH"

K {BH ] [OH ] basic dissociation constant of base
B

B]
characterization of acids and bases by acidic dissociation constant
base — acidic dissociation constant of its conjugated acid

conjug. acid base [B] {H*J
+ + K
HB' +H,0 « B+H,0 BH"]
_ e |tlon-|[B]t|H*]
K,K_ .=
5B 18] O [H ][EDHlo]nlc prod(zjrcl’fof water

pKg +pK,_ .. =pK, =pH+pOH =14

Example: K, =10™° K . =107
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Buffer solution

Contains:
o weak acid and its conjugated base
o weak base and its conjugated acid

Added H* and/or OH- cause only a small shift of
equilibrium state of the system cosisting of a weak
acid and its salt [HA] + [A- ] or a weak base and its
salt [B] + [BH™], respectively — small change of ratio

il 1Bl
HAl ]
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Buffer solution — titration of weak acid
with strong base

pH _ dcg -dc,
CH 4 COOH E %, dpH " dph
APH H‘ ----- || 6mt:l.:t
"""" T i et
E :l (vz:?}. YL’CE':T'
; :“ 3 0,05

0 05 1.0 molMaOH
dcg — addition of strong base, dc, — addition of strong acid

B is ratio of infinitesimal addition of concentration of strong
base or acid to by this addition induced change d(pH).

o Itis reciprocal value of the slope of pH = f (addition of strong
base (acid))
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Buffer solutions

Buffer quotient = buffer capacity 3 — number of moles of
added acid/base necessary to induce pH change by unit

EX.: Acetate buffer: HAc/NaAc, c(HAc) = c(NaAc) = 0,1
mol.I'". pH = pK,, = 4,76

addition NaOH acet. buffer pH change B
0,1 ml 0,1M-NaOH (tj. 0,01 mmol NaOH) + 0,0009 0,011
1 ml 0,1M-NaOH (tj. 0,1 mmol NaOH) + 0,009 0,011
10 ml 0,1M-NaOH (tj. 1 mmol NaOH) + 0,09 0,011

50 ml 0,1M-NaOH (tj. 5 mmol NaOH) + 0,47 0,011
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Buffer solutions

Buffer solutions PH (Brax)
CH,COOH +CH,COONa 4,75
KH,PO, + Na,HPO, 5,6 -8
H,BO, + Na,B,0, 7,0-9,24
NH, + NH,CI 9,24

ampholytes

HPOZ 0O H,PO; O - H,PO,
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Buffer solutions

Preparation of buffer solutions
o a) by neutralization of weak acid by e.g. NaOH
of weak base by e.g. HCI

EX.250 m10.4M - CH,COOH+ 50 m]10.2M - NaOH=>
=100 ml buffer: ¢(CH,COOH) = ¢(CH,COONa) = 0.1M

o b) by mixing of equivalent amounts of weak acid and its
salt with strong base or by mixing of weak base and its
salt with strong acid

500 ml1 0.2M - NH,OH+500 ml1 0.2M -NH,Cl =
— 0.1mol NH,Clin 500 ml=5.35¢g

EX.:
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pH calculations

1) strong acids and bases
2) weak acids and bases

3) hydrolysis of salts
o of strong acid and weak base
o of weak acid and strong base
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pH calculations

1) pH of strong acids and bases
[H+]— ¢y valid for ¢, D(IO_3 SEI]O_7M)

Chp <5[107’M consider [H ]from water

-H+-

-H+-

[OH ] Cip T Ky / [H ]: 1 quad. equat. root

2

2
—Cﬁ+\/cﬂ+KV base:[H“L]:&

4 Cpq

c<5 [10™" mol (17" dtto acid
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pH calculations

2) pH of weak acids and bases

o acids HB+H,0 - HO"+B~ K, = [H[;[P]_]
H,0 « H" +OH K, =1 Jor|
contrib.: S = F |+ [B"|; [ =B ]+ |oH"|=

o]

B

from relation for-dissoc. constant: [H*]

=[]~ |on-]
= ¢, =[5

[H+]: Cyy —;H+]+[OH_][K

B
e

Tou]

’

"Bl

~

}

|= e =1 J+ or’]

—k, oi1B)




pH calculations

some contributions are negligible, we can omit:
H ]y o] ¢, 0 [HT]=

H'|=,K,&,, ie pH=

(K, —log ¢y )

1
2

If we neglect only

on|«|1]= 1] CHI[SH_HJ K =

] ek )oK g, =0 [ =- ijKTK 3.
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pH calculations

B+H,0 - BH'+OH K, = {B}F[QO] )
o bases [B [H*]

BH" +H,0 - B+H,0" K, =~

(NH, +H,0 ~ NH! +OH')
contributions:
%*JE[B];]D?T B “ [+ |17 |=
= [B]=c, = [mB]= (B)=c, - [on ]+ [1"]
on )=, [w]:{ [CB[-[(%I;‘IE[?]*]
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pH calculations

we can omit: —> [n*| «[on]

lon )=k, E?B[OHO? | = lon ] +k, o |-k

on]=-%» \/Ki +K, (3,
2 \4

we can omit: — [OH { (e,

lon )=k, ﬁ:[OH]—\/cT ][OH] K, =

= log [H ]—log Ky —%bg Cy —%log K,=pH :14—%(pr —log CB)

el e

o criteria for simplification:
pH (real) — pH (measured) = £ 0,02
log [H*] (measured) — log [H*] (real) = £ 0,02
[H*] (measured) / [H*] (real) = 1,05 - 0,95 (£ 5 %)
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pH calculations

3) pH solutions of hydrolysed salts
o salts of strong acids and weak bases

NH,Cl « EPEPET - NI\{‘Z +CI
protolytic reaction NH; +H,O % ~ NH, +H,0"
conjugate acid @+ +H,0 % - B+H,O"

pH calculation: relation for: pH of weak acid:

_Ielae] [ flon-]
[NHZ] i [NH3]

K, K, =K, = |[i*|jon"|; [n*]=x, @(en’)

C(BH+)e.g. C(NHZ): ¢(NH,CI) = c(salt) = [H+] = \/KV (K" [c(salt)

K, NH, +H,0 [ - NH} +OH"

= pH = %[pKal —log c(salt)] = %[14 -pK, —log c(salt)]
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pH calculations

o salts of weak acids and strong bases
CH ,COONa T[T -, CH,COO ~+ Na"’

protolytic reaction ( CH,COO™ +H,0O & - CH,COOH +OH"
conjugate base B"+H,0 o BH+OH"
pH calculation: relation for: pH of weak base:
_[cn,coon]jon| - _ |en,coo”|n

K, = . ]zHAc+H20 % 5 Ac” +H,0°
CH,c007] [CH,COOH]

;OH_;_\/K ( ) ( )eg C(AC ):c(NaAc):c(salt):

:OH_: = \/K: Ky Ep(salt) = pH = 5[14 +pK, +log c(salt)]
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pH calculations

pH of buffer solutions

o in a suitable ratio mixed:
acid + conjugate base
base + conjugate acid
o acid species balance — ¢(HB)=[HB]+|B"]
H* balance [H ] [B ] OH‘]
HB - B"+H" H,0 -~ OH +H’
o base species balance —s>¢(3)=|B"|+[HB]  (3)
H* balance > [n7|=|on]+[HB] (4)
H,0 - H"+OH~ B +H" ~ HB
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pH calculations

substitution -HB]

[H+]:KaDﬂ (5)
for [B-] from (2) to (1) and from (1) is expressed [HB]:
[HB] =c(HB)-|a*|+|on-| (6)
for [HB] from (4) to (3) and from (3) is expressed [B]:
B =)+ [nr]-lon] )
for [HB] and [B] substitute into (5) from (6) and (7):
)=k ¢(HB)- )-|1°|+|on | _ )=k o(HB) )

ol )+[n°] -lon” c{B”)

C(B_) salt [H ] K, ﬁ%:pH pK, —log c(HB)+10g c( ) (9)
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HENDERSON EQUATION

omitting [H*] and [OH-]: buffer with pH < 7: if [OH] < 5%
of [H*] and [H*] < 5% of c(HB) a take [H*] < 5% z ¢(B")
alkaline buffers: pH > 7: [H*] < 5% of [OH],

[OH] < 5% of c(B) and [OH] < 5% of c(HB*)

=K ) [H] on| K, (HB) _ Ky, ofsalt)

K, c _|_ [ K, c(base)

pH =pK, —pK, —log c(HB )+10g C(B)
pH =14 -pK, —log c(salt) +log c(base)

c(HB)
- . H=pK, —-lo
0 acid + salt: pa=p & c(B )

c(B)

c(HB")

0 base + salt: pH =14 -pK, +log
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Titration curves
o pH =1 (volume of titrant )

A titration curve is a curve in the plane whose x-coordinate is the
volume of titrant added since the beginning of the titration, and
whose y-coordinate is the concentration of the analyte at the
corresponding stage of the titration (in an acid-base titration, the
y-coordinate is the pH of the solution).

o course of titration

In an acid-base titration, the titration curve reflects the strength of
the corresponding acid and base.

For a strong acid and a strong base, the curve will be relatively
smooth and very steep near the equivalence point. Because of
this, a small change in titrant volume near the equivalence point
results in a large pH change.

If one reagent is a weak acid or base and the other is a strong
acid or base, the titration curve is irregular and the pH shifts less
with small additions of titrant near the equivalence point.
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Titration curves

o Indicator selection

Indicator Color on acidic Range of color Color on basic
side change side
Methyl Violet Yellow 0.0-1.6 Violet
Bromphenol Blue Yellow 3.0-4.6 Blue
Methyl Orange Red 3.1-44 Yellow
Methyl Red Red 44 —-6.3 Yellow
Litmus Red 5.0-8.0 Blue
Bromothymol Blue Yellow 6.0-7.6 Blue
Phenolphtalein Colorless 8.3-10.0 Pink
Alizarin Yellow Yellow 10.1-12.0 Red
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Titration curves

Acid-base titrations depend on the neutralization between an acid
and a base when mixed in solution.

In addition to the sample, an appropriate indicator is added to the
titration flask, reflecting the pH range of the equivalence point.

The acid-base indicator indicates the endpoint of the titration by
changing color.

The endpoint and the equivalence point are not exactly the same
because the equivalence point is determined by the stoichiometry

of the reaction while the endpoint is just the color change from the
iIndicator.

Thus, a careful selection of the indicator will reduce the indicator
error.
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Titration curves

o potentiometric titration

When more precise results are required, or when the reagents
are a weak acid and a weak base, a pH meter or a
conductance meter are used.

o calculation from theoretical relations
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Titracni krivky

titrace silné kyseliny silnou zasadou

A) zadatek titrace |H*|=c(HB)
Vy e, =Vie

B) do ekvivalencniho bodu: |H*|=c'(HB)=
C, — konc. kyseliny, ¢ — konc. hydroxidu

C) v bodé ekvivalence roztok obsahuje sul silné
kyseliny a silné zasady p pH =7 (pT)
D) za bodem ekvivalence: sul + nadbytek hydroxidu

V, +V

.\ _Vie—-V,lc 1 K
cloH’)= eV H ]_c(o;/')
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Titracni krivky

titracni krivka 100 ml 0,1M HCI: 0,1M NaOH

ml| NaOH pH ml| NaOH pH
0,0 1,10 100 7,00
90,0 2,31 100, 1 9,70
99,0 3,31 101,0 10,70
99,9 4,30 110,0 11,64

prof Viktor Kanicky, Analyticka chemie I

62




Titra&ni kFivky

r}OH

13 -

1 i a — ekvivalentovy zlomek
9 _n (hydroxid)
y n (kyselina)

5

3 = u V 4

1 " indikatory

' fenolftalein FFT pH 8,0 - 9,8

448 499 400 4ot 492 bromthymol. modF BTM pH 6,0 - 7,6
methylerveri MC pH 4,4 — 6,3
methyloranz MO pH 3,1 - 4,5
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Titracni krivky

titrace slabé kysellny silnou zasadou
A) zacatek titrace: pH ——[PK ~log c(HB)]

B) do ekvivalencniho bodu tIumlvz/ ﬁztok (sul sl. kys.
+ silné zasady) pp - ok +|Og{ B

(HB)
c(g) = Ve Lo~V gy VI cB)_ v
V, +V V,+V ~c(HB) V,[&,-V[&
a = 0,50 (50%-ni ztitrovani)
. e -PT ~\ L _
i c(B~)=c(HB)= pH = pK,
. d(a) d(pH) ~i-(max. tlumiva kapacita)

i iy —Jo | max -
0 4 ;;, d(pH) d(a) inflexni bod
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Titracni krivky
C) v bodé ekvivalence: pouze sul — protolyt = slaba

zasada ’
1 R
pT =pH = > 14 + pK, +log C(B )] koncentrace soli

C(B‘) Vo LG, Ve [C pT — titraCni exponent

) Vo + Ve ) Vo + Ve inflexni bod

D) za bodem ekvivalence: smes soli a slabé kyseliny a
hydroxidu (NaAc + NaOH)

NaOH - Na* +OH) =|OH" | hydrox.

NaAc — Na* +Ac™ ; Ac™ +H,0 « HAc+OH)=|0H" | hydrox.

[OH‘] _[ Ky )2 Vv, L&, )2 Vie-V, (¢,
celk Ka / V+V0 A
c(B)
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Titracni krivky

titrace slabé zasady silnou kyselinou
B=c(B)=c,;V, c,V -kyselina
A) zadatek titrace: pH =14 —%[pr ~log ¢(B)
B) pfed bodem ekvivalence: pH =14 -pK, +log CE;(/Z)+)
HENDERSON
o(B) = V; [c, _V[C;C(HB+): Vie N c(B)
V+V, V+V,
o = n(kyselina)

A

c\B) _W,lc,-Vic
c(HB*)_ Vic

= —;a=0,,50 =50% —ni ztitrovani
n(hydr oxid ) max.tlumiva kapacita

ekvivalentovy zlomek ~ PH =14 -pK, inflexni bod
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Titracni krivky

1
C) v bodé ekvivalence: PT =PH 25[14 - pK,, ~log ¢(B))
pouze sul — protolyt = slaba kyselina hydrolyza
V,lc, _V,, [c, pT-titracniexponent
Voo, +Vo Vo,V (inflexni bod)

C(B) =

D) za bodem ekvivalence: smeés soli sl. zasady a sil.
Kyseliny

(NH,CI + HCI) pH = -log [

Vic-V,lc,
V +V,
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Titra&ni kFivky

pK,: HAC 4,76 pK,: NH, 4,76
H,BO, 9,23 C4H-NH, 9,38

V(ml) 90 100 150

titrace 50 ml 0,1M H;PO,
0,1M NaOH
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Titra&ni kFivky

o .
AL v

A0 1 o

§ 1 ¢

] |

6 1 ¢ P

4 1 QE M

2. ]1151.1 2._|nn_|i1!...i:.;_1'

o & 15 © 45 10 4 15
pH = 14 — pK,
titrace slabych kyselin titrace slabych zasad
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Titracni krivky

titraéni exponent pT = —log {H+J
o silna kyselina + silna zasada:
1) pT =7,00
2) pT nezavisi na: kyseline, bazi, koncentraci
o slaba kyselina + silna zasada:
1) pT>7
2)pT =1 (pK,, c(HB)) — pfimo umérne
o silna kyselina + slaba zasada:
1) pT <7
2)pT =1 (pK,, c(B)) — nepfimo umerné
titracni kvocient ApH / AV Cim vetsi, tim presnejsi

ekv
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‘ Logaritmické diagramy acidobazickych
titraci

m titrace slabeé kyseliny silnou zasadou pK_ =475
0,05M CH,COOH + NaOH :H* OH~ HA A~

0 1) H* :pH ==log [H*| log |H*|=-pH; Kk -1

0 2) OH :K, =|H*|JOH"|=log|OH |=logK, + pH; k = +1

1) + 2) — praseéik log |H*|=log|OH™|=-7
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Logaritmické diagramy acidobazickych
titraci

0 3) HA:K, = {HEIL%\_J;C:[HA]J“[A_]:[HA]: /-(I:++;<J

a

a) [H*|) K, = log [HA] =log ¢ =1og 0,05
log [HA] =-130 - rovhobézka s osou pH

b)|H*|( K, = log [HA] =log ¢ + pK, = pH = -130 +4,75 - pH
— log[HA] =345 -pH k=1

SRR s

a)lH'|) K, = log|A™|=log K, +log c + pH ==6.05+ pH  k = +1
b) [H |{(K, = log|A"|=logc =-130 - rovnobé&Zka s pH
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‘ Logaritmické diagramy acidobazickych
titraci

0 2  b4eke g 0 1
2) — pH &isté 0,05M HAc |H*|=|A"|+|oH7]

1) — pH &istého 0,05M octanu Na 1:H<+ [HA] =

systemovy bod:
[HA]=|A~| pH = pK,
0,05M CH,COOH

bod M: skute€ny prusecik

Hal=|a7]=2:

log [HA] =log [A‘] =logc-03

or7]
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Acidobazicke indikatory

slabé kyseliny nebo zasady — organicke slouceniny
o ftaleiny

coo

|“n
oH HO = i i

FENOLFTALEIN

forma H,-Ind forma Ind*
bezbarva (lakton) cervena
jednobarevny
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'Acidobazické indikatory

o sulfoftaleiny

305 S04

‘\ 3 |“\x i
HO = TR g N = 0

FENOLOVA CERVEN

forma H-Ind- forma Ind?4
zluta cervena
dvojbarevny
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Acidobazicke indikatory

o azoslouceniny
METHYLORANZ

p-dimethylaminoazobenzen sulfonan

OO

forma Ind- (zZluta)

EC

forma H-Ind (Cervena) dvojbarevny
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Acidobazicke indikatory

dvoubarevny indikator

o funkCni oblast indikatoru — interval pH, ve kterém okem
Ize vnimat barevnou zménu: 10% druhé formy — ApH = 2

Hind « H™ +Ind~ K = V”d_._[ﬁ,_p] indikatorova konstanta

"~ [Hind|

[H*] =K,y [I_I”';d] =K, % = pH=pK,, -1 inllkétorovy exponent
n
pH = pKlnd i1

10
Kia g = PH = PKipy +1

jednobarevny indikator

o pH postrehu zbarveni zavisi na koncentraci
a Cervenau FFT=10°%M
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Acidobazicke indikatory

faktory ovliviujici funkCni oblast indikatoru
o teplota — K, 4, Ky, pH, pOH
o soli — aktiv. koeficient a vliv na zbarveni

o proteiny — vazba na Indikator (zména konc. formy),
(proteinova chyba, methyloranz) koloidy

0 rozpoustedla — K4
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Acidobazicke indikatory

nekteré acidobazické indikatory

o thymolova modr cervena 1,2-2,8 Zluta

o methylova oranz cervena 3,0-4,4 oranzovo-zluta
o bromkresolova zelen zluta 4,0-5,6 modra

o methylova Cerven cervena 4,4-6,2 Zluta

o bromthymolova modr zluta 6,0-7,6 modra

o fenolova Cerven Zluta 6,8-8,0 cervena

o thymolova modr Zluta 8,0-9,6 modra

o fenolftalein bezb. 8,2-10,0  Cervena

o thymolftalein bezb. 9,3-10,5 modra
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Titracni chyba

titracni chyba - barevny prechod indikatoru se
odchyluje od teoretické hodnoty

o priklad: Vypocet titr. chyby pri titraci 100 ml 0,1M HCI
roztokem 0,1M NgOH, je-li ukonCena pri pH=4,75

0 feSeni: pT=7, |H*|=10"*" =1781107° mol LI
[H*]: V,C, -V IC
V, +V
1781075 = 10DA=XO1 1 _ 9996 mi NaOH
100 + x

100 - 99,6

,V,,C, —kyselina,V,C — hydroxid

C = Vin ~Vek

100 = [100=400" %

T
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Titracni chyba

o priklad: Titrace slabé kyseliny silnou zasadou
pT~pH soli slabé kyseliny a silné zasady

100 ml 0,1M CH,COOH, 0,2M NaOH, cg~c(CH,COO")
—n (NaOH)

5010,2 _ _ . .
C. = ~'=6,7[107% mol [I™' v bodé ekvivalence
CT0))
VO . Vekv
1 PKy pPK,  logcg

pH = 5(14 +476+0,8241-2)=879 = pT
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Hendersonova rovnice

pH = pK_ + Iog[C—B)

pro neuplnou titraci Cris

1) neutralizace CH;COOH z 99 %
pH = pK, +Iog$ = pK, +19956 = pK_ +2

HAc :pH =4,76 +2 =6,76

2) neutralizace CH3CC$H z 99,9 %

pH = pK, +I099§—’19 = pK, +299956 = pK, +3

HAc :pH =476+3 =776
— pri titraci na FFT 0,1% neztitrovano (prechod FFT
pH 8-9,8)

prof Viktor Kanicky, Analyticka chemie I

82




Metody

a) ALKALIMETRIE

o zakladni latka pro standardizaci: HOx . 2H,0, hydrogen
ftalan draselny

o titracni Cinidlo: NaOH, KOH
o stanoveni
silné kyseliny (methyloranz ind.)
slabé kyseliny (prfi FFT rusi CO, — HCOy")

b) ACIDIMETRIE

o zakladni latka pro standardizaci: Na,B,0-,.10H,0,
Na,CO,

o titracni Cinidlo: HCI

o stanoveni: slabé zasady retitraci
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Alkalimetrie

standardizace odmerneho roztoku hydroxidu na
kyselinu stavelovou H,C,0,.2H,0, M = 126,07 g.mol’

titrace na FFT — rusi CO, — proto pred koncem titrace
pridavek CaCl, — HCI:

H,C,0, +CaCl, - CaC,0, |

uvolnena HCI se titruje na methyloranz
H,C,0, « 2H" +C,0;"

1mol H* 01mol (H,C,0, /2)

1ml 01 M NaOH L 0,1 mmol NaOH L 0,05 mmol

H,C,0, 2H,0 = 6,30 mg H,C,0, 2H,0
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Acidimetrie

standardizace odmerného roztoku kyseliny na uhliCitan
sodny, M = 105,99 g.mol-"

titrace na FFT (rusi CO, — odstraneni povarenim)
Na,CO, +2HC/ - 2NaCl +H,O +CO,

1mol H* =1mol (Na,CO, /2)=1/2mol Na,CO,

1ml 0,M HCI =1mmol (Na,CO, /2)= 53 mg Na,CO,
titrace na methyloranz (oranzova — Cervena)
standardizace kyseliny na tetraboritan sodny

M = 381,37 g.mol', Na,B,0,.10H,0

B,0:” +2H* +5H,0 « 4H,BO,

titrace na methyloranz
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Priklady acidobazickych titraci

o stanoveni slabych kyselin
o stanoveni vicesytnych kyselin
o stanoveni slabych zasad

stanoveni slabych kyselin
NaOH — odmerny roztok

presnost stanoveni je ovlivnéna pritomnosti CO,, tj.
uhliCitanu v odmerném roztoku hydroxidu

uvolnena H,CO;, se prevadi na hydrogenuhliCitan
(rozmezi pH = 4-8,5) dalsim pridavanim NaOH —
ovlivheni barevneho prechodu indikatoru
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Stanoveni slabych kyselin

o kyselina borita H,BO,, K = 10-10
nelze titrovat primo

pridavkem manitu nebo glycerinu — komplexni
kyselina manitoborita (glyceroborita) — 1000x silngjsi —
titrace na fenolftalein

olyol |
POy | Gé—

— 0
i 4 omoH, == |
—C—0H co” ae—
| ~ O

kyg. glycerol(rﬁanito)borité

1ml 01 M NaOH = 0,1 mmol NaOH = 01 mmol H,BO, =6,184 mg H,BO,

-I@+ 3 Ha0
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Stanoveni slabych kyselin

0 aminokyseliny
amfoterni struktura *NH;.R.COO-
konkurencni vliv bazické aminoskupiny (silna baze)
pfidavek formaldehydu — SCHIFFOVA BAZE
H,N R ~COOH +CH,0  H,C = N-R -COOH
slaba baze
— pak se snizi 0 3 az 4 jednotky
— titrace NaOH na FFT:
H,C=N-R-COOH+OH o H,C=N-R-COO™ +H,O

napriklad kyselina aminooctova
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Stanoveni slabych kyselin

a0 kyselina octova
CH,COOH +NaOH ~ CH,COONa+H,O

1mol H* C1mol CH,COOH

1ml 0,1 M NaOH 10,1 mmol NaOH 10,1 mmol CH,COOH

[ 6,006 mg CH,COOH

titrace NaOH na FFT
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Stanoveni vicesytnych kyselin

o kyselina fosforecna H;PO, - trojsytna
H.PO, + NaOH - NaH,PO, +H,O

NaH,PO, + NaOH  Na,HPO, +H,0
podminka K, 210*K, = pK, — pK, > 4

1
1)pT, = E(pK1 +pK,) pK, =223, pK, =721

pT, =4,72 titrace do 1.stupné
1mol H* =1mol H,PO,

1ml 01 M NaOH = 0,1 mmol NaOH = 0,1 mmol H,PO, 19,80 mg H,PO,
0 titrace na methyloranz

a srovnavaci roztok 0,05M NaH,PO,
a vysledky nejsou ovlivnény CO,,
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Stanoveni vicesytnych kyselin
2) pT, = %(7,21 +12,3)=976

pT, =9,76 titrace do 2.stupne
H.PO, + 2NaOH ~ Na,HPO, +2H.,0

1mol H* =1mol (H,PO, /2)

1ml 0,1 M NaOH = 0,1 mmol NaOH = 0,05 mmol H,PO,

~ 0,1 mmol(H,PO, /2) 04,90 mg

o titrace na fenolftalein
o pridavek NaCl
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Stanoveni slabych zasad

neprima titrace (retitrace)

analyzovana latka reaguje s prebytkem (odmernym)
Cinidla (— kvantitativni prubéh reakce)

nadbytek se stanovi titraci odmernym roztokem

n stanoveni amoniaku M (NH;) = 17,03 g.mol-’
NH, +H" « NH; 1mol H" =1mol NH,
1ml 04 M HCI = 0,1 mmol HCI =01 mmol NH, =17 mg NH,

k odmernému nadbytku 0,1M HCI se prida vzorek
obsahujici amoniak + methyloranz

prebytek HCI se urci retitraci 0,1M NaOH
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Stanoveni slabych zasad

o stanoveni uhlicitanu (sodného)
Na,CO, + HCl ~ NaHCO, + NaCl

NaHCO, + HCl -~ H,0+CO, + NaCl
titrace do 2.stupne — 2 inflexni body

2 1. bod pH = 8,46 1 mol kyseliny na 1 mol uhliCitanu
0 2. bod pH = 3,96 rozt. obsahuje H,CO, ekvival. uhliCitanu

do 1. stupné — fenolftalein
do 2. stupne — methyloranz — nejCaste;ji
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Stanoveni slabych zasad

nerozpustne uhlicitany (ve vodeé)
o uhliCitan rozpustny v kyseliné (odmeérny roztok)

o nadbytek kyseliny se retitruje odmernym roztokem hydroxidu
MCO, +2HCI| - MCI, +H,0+CO,

1mol H* O %mo/ CO, 1ml0,M HCI 00,05 mmol COZ"

o vzorek rozpustny v prebytku HCI, methyloranz, retitrace NaOH
(Cervena — cibulové oranzova)

o vypocet: %CO,, molarni hmotnost uhliCitanu
— |ze urcit, o ktery uhlicCitan (Ca, Ba, Sr, Mg, Pb) se jedna
M(CO, ) navézka
%CO,

M(MCO,) =
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Stanoveni slabych zasad

o stanoveni alkalického hydroxidu vedle
uhlicitanu WINKLEROVA metoda

prima titrace alk. hydroxidu neni mozna vedle
uhliCitanu — v rozmezi 1 jednotky pH —

1) celkova alkalita v jedné Casti vzorku titraci na
methyloranz:
Na,CO, + 2HCI| - 2NaCl +CO, +H,0O

NaOH + HCIl - NaCl +H.,O
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Stanoveni slabych zasad

2) ve druhé casti vzorku se rozpustny uhliCitan
vysrazi BaCl, = BaCO,

hydroxid se titruje na FFT, barevna zmena drive,

nez se zacne rozpoustet BaCO,

VHCI(fft) [CHCI (10~ [(fzf)[M(NaC/)
navazka

%NaOH = 100

%Na,CO, =

navazka
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Stanoveni slabych zasad

o stanoveni dusiku v org. latkach dle
KJELDAHLA
1) mineralizace org. latek: N, +H,SO, - (NH,), SO,
Ciog) — COs,H(og) — H,0,H,SO, — SO,
pridavek K,SO, = zvySeni bodu varu
katalyzator: CuSO,,HgO, Se, SeO,

aminy, aminokyseliny, bilkoviny cca 30 min

nitro-, nitroso-, diazosl. — nejdrive redukce na
aminoslouceniny
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Stanoveni slabych zasad

2) uvolneni NH, destilaci s NaOH (s vodni parou)
(NH,),SO, +2NaOH « 2NH, +2H,0 +Na,SO,

do predlohy s nadbytkem stand. kyseliny
2NH, +H,SO, - (NH,),SO,
(HCI)

nespotfebovana kyselina retitraci, NaOH
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Srazeci titrace

podminky: rychlost, stechiometrie, kvantitativni prubéh reakce

RETITRACE (zpétna titrace): nadbytek srazeciho odmerného
roztoku a stanoveni jeho nezreagovaného podilu titraci

ARGENTOMETRIE AgNO, 01M,NH,SCN 0,1M
o standardizace: NaCl, KCI, rhodanid na AgNO,

TITRACNI KRIVKY px=-logx]=f(V) M+X o MX
o bez uvazeni podilu

1) @: (VX (¢, -V, B:M) pfed bodem ekvivalence
_ vV, +V,, C,, Cyy — puvodni ¢ pred titraci
2) x]=K, v bode ekvivalence
3) (v, &, -V, (&, ) za bodem ekvivalence
‘:M
Q) V. +V, x| =K, /|M]
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Srazeci titrace

o bez uvazeni podilu
1) [x], =[x]+x x =[M], =[x],, K, =[M], ([x]. = x{[x]+x}=

x? +[x]x - K, :O:x:—%i\/:x]zl4+KS =

[x]. = +%+\/@+Ks zanedbani — [x], =[x]

2) x=[x], =K,

3) M, =[M]+x, x =[M], =[x, [M], = [M]+x K, =[m], [[x], =

:{[M:+X}D(:>x +[M]X—K =0

DN N 7 U 70
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‘ Srazeci titrace

L

0 45

koncentracni skok:

1y konc. roztoku

2)  Soucin rozp.

10 wAg'

mm) piesnost

-
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‘ Srazeci titrace

= LOGARITMICKE DIAGRAMY pfimka __smérnice
mM+nX o M, K, =[M]"dx]" log[x] :%Iog K, {—]log [M]

0,001M I, 0,01M Br,

Ec U=
‘o

foge | X | 0,1M CI, CrO,%
-5 i A, B, C, D pocCatek vylucovani
srazeniny

a, b, c: log [x] =logc,
a,b’, c’:log [x]:log K. -log [Ag*J

44 : : - s
-40 '5,{3@[53] 0
ekvivalent: 1 — rozpustnost c(Agl)
2 — rozpustnost c(AgBr) |croZ|=|Ag* |12 = log|cro? |=log|Ag*]|-03 =
3 — c(AgCl) prisedik kiivky log [Ag+]—0,3 = f(log[Ag+]) s kfivkou
4 — rozp. Ag,CrO, log [CrOf‘] = f(log [Ag*]) D dle bodu 3
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Srazeci titrace

INDIKATORY PRO SRAZECI TITRACE

- 1) MOHROVA METODA princip: K, (Ag,Cro, K, (x)

nejdfive vznika AgX, v bodé ekv. |[Ag*| dosahne pfi vhodné
koncentraci CrO,? hodnoty tak, aby bylo dosazeno K¢(Ag,CrO,)
priklad: stanoveni AgCI

K,(Agcl)=|Ag*[er|=276110™ = [ag’]
K. (Ag,cro,)=|Ag" [ lcroi|= 3931107

= 2,76 [107"

ekv

prakticky v§ak 5.10-3M — nevadi pak Zl. zbarveni
Ag*, CI, Br pH 6-10 x HCrO, Ag,O
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Srazeci titrace

o 2) FAJANSOVA METODA adsorpcni indikatory

org. barviva — jejich kationty nebo anionty se selektivhé adsorbuji
na @& nebo (-) nabitém povrchu koloidnich Castic AgX

(AgCIL.Ag™").FI
AgCIl.Ag* | NO; + FI- & AgCI~Ag* | FI

+
Na 3
pied bodem ekvivalence 7a bodem ekvivalence

de facto: IZOELEKTRICKY BOD (neni totoz. s B.E.)
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Srazeci titrace

ADSORPCNI INDIKATOR — jeho ionty adsorbované

na srazeninu maji jiné zbarveni nez v roztoku (vliv
polarizace)

vliv podminek:

2 1) pH — dostateCna disociace (Fluorescein pH 6,5-10,
eosin pH 1-10)

0 2) ochranny koloid (napr. dextrin) X koagulace

zbarveni
indikator v roztoku adsorbovany stanoveni
1) fluorescein zlutozeleny ruzovofialovy Cl-, Br, SCN-,
Fe!l(CN),
2) tetrabrom- oranzovy fialovy Br, I, SCN-

fluorescein
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Srazeci titrace

o 3) VOLHARDOVA METODA indikator Fe3* — FeSCN?*
Fe'l(NH,)(SO,),
titrace iontu Ag* odmérnym roztokem SCN-
srazenina AgSCN a v ekvivalenci ¢erveny rozpust. komplex
[Fe(SCN)J#*
0 stanoveni Ag ve slitinach (rusi Hg?*, Cu?* - malo rozp. SCN-)
(Co?*, Ni¢* rusSi zbarvenim rozt.)

o zpétna titrace (RETITRACE): k roztoku ClI- nebo Br, | se pfida
nadbytek odmérného roztoku AgNO; a nezreag. Ag™* se titruje
odmernym roztokem NH,SCN
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Srazeci titrace

o 4) GAY-LUSSACOVA ZAKALOVA METODA
titrace iontu Ag* odmérnym roztokem NaCl

pred b. ekvivalence — zakaleny roztok — koloidni disperze
AgCl . Ag* | NO;

v izoelektrickém bodé (blizko b.ekv.) — srazenina koaguluje
— nad ni Ciry roztok
pridanim kapky roztoku NaCl | zakal — pokracCovat

Ciry — ztitrovat
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Srazeci titrace

tabulka hodnot pCl — titrace 0,1M NaCl roztokem 0,1MAgNO,
(%)0,1M-AgNO,;  pCl (%)0,1M-AgNO, pCl

0,0 1,00 100,00 4,78
90,0 2,28 100,10 5,30
99,0 3,30 101,00 6,26
99,9 4,36 110,00 7,32

prof Viktor Kanicky, Analyticka chemie I 108




Komplexometricke (Chelatometrické)

titrace

centralni ion — ligand koordinacni vazba
Fe?* +6CN~ - [Fe(CN)|*

Co* +6NH,

H*+H,O -
H*+NH, -

- [co(nH,), [
H,0['

NH, |

Ni +4CO - [Ni(cO), ]

BF, +HF - H|BF,|=B* +4F - [BF,]
SO, +H,0 - H,SO, =S*" +40*" - [304]2_
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Komplexometricke (Chelatometrické)

titrace M+niL - ML,

koordinacni Cislo: 1-12, obvykle 6, 4, 2
polydonorové ligandy — cyklické komplexy CHELATY

HoC——NH, H,C——NH HoN—CH
2 7 +oft —= 7 2 X &2 T
H,C——NH, HoC——NH# ™ H,N—cH,

x N A = CHELE = KLEPETO
stupnovita tvorba komplexii

M(Hzo)n L M(Hzo)n—1L+Hzo
M(HZO)n—1L +L - M(HZO)n—2L2 +HZO

M(H,O)L(,_y +L - ML, +H,0
termodynamicka stalost — konstanta stability
kineticka neteCnost — rychlost ustaveni rovnovahy

labilni komplexy — ihned iInertni komplexy - pomalu
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Komplexotvorné vlastnosti kovu

SCHWARZENBACH

o 1) kationty se 2 nebo 8 elektrony
Li*, Na*, K*, Rb*, Cs*, Be?*, Mg?*, Ca?*, Sr¢*, Ba%*, B3*, Al3*

A) stabilni el. konfig., elektrony ligandu nevstupuiji do el. hladin
kationtu — prevazuji elstat. interakce

B) termodynamicky malo stabilni — rovhovaha smérem k disociaci
a) stabilita klesa v fadé Li")Na" )K" )Rb™)Cs”

(difosforeCnany, polyfosforeCnany, aminopolykarb. kys.)

b) Mg?*)Ca**)Sr#*)Ba** (Mg a Ca chelaty)

c) stabilita halogenokomplexi s ionty kovt této skupiny KLESA
F)CIl YBr )| (s rostoucim polomérem ligandu)
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Komplexotvorné vlastnosti kovu

d) stalé komplexy: M3* s malymi ligandy: (preferuje se tvorba
akvokomplext) BF -, AlFg*, AICI,-, AI(OH),

e) neposkytuji amin- a kyano- komplexy

o 2) kationty s 18 elektrony

2A) Cu*, Ag*, Au* Zn?*, Cd?*, Hg?*|(snadna deformavatelnost v

poli ligandu)
a) tvori se koordinacni vazba
b) stabilita komplexu je tim vétsi, ¢im mensSi je rozdil
elektronegativit centr. iontu a ligandu —
Cu*, Ag*, Au* > Zn?* Cd?%*, Hg?*
elektronegatlvneJS|

komplexotvorna schopnost ligandu naopak klesa s rostouci
elektronegativitou: C)N)O)F
Br)CIYF
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‘ Komplexotvorné vlastnosti kovu

Zavér: stabilita komplext roste
ﬂ H——___ .
s rostouci 5 klesayjici
‘ elektronegativitou ‘

kationtu ligandu
(vyrovnani elektronegativif)

2B)|Ga3*, In3t, TI**  Ge?*, Sn**, Pb**|odolavaiji vlivu ligand,
prednostne OH- (spiSe jako 1))
2C) (18+2) elektrony
TI*, Pb%*, Bi3*| prechod mezi 2A, 2B
o 3) neuplné obsazené d-orbitaly
A) minimalni atomové objemy
B) velké hodnoty iontovych potenciall
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Komplexotvorne vlastnosti kovu

C) velka deformabilita neuplnych d-orbitalu v poli ligandu
0 podporuje vznik koordinacnich vazeb
0 nejstabilnejsi komplexni slouCeniny
0 komplexy kineticky inertni

nejlépe znama 1. rada prechodnych prvku: z nich
Mn2* Fe2* Co?*, Ni¢*, Cu?*
stabilita komplext Co?*, Ni%*, Cu%*: CN-YOH"

NH,YH,0
stabilita komplexu: C >N > O > F (elektronegativita)
a0 je-lidonorem O, N, S, stoupa stabilita komplexu téhoz

ligandu s ruznymi kationty:
< Mn?* < Fe?* < Co?* < Ni¢* = Cu?* @
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Ligandy

CN~,OH",F~,CI",Br~,1", SCN", NO;, S,0%",
SOZ",C0O%", POz, PO, NH,, H,0, C.H.N

.. organicke latky s volnym elektronovym paremna S, N, O
analyticky zajimave komplexy

o vlastnosti:

TERMODYNAMICKY STABILNI

KINETICKY LABILNI rychle reaguiji
CN->> ... z anorganickych jednodonorovych ligandu
organicke polydonorové ligandy:
o aminopolykarboxylove kyseliny:

nitrilotrioctova, ethylendiamintetraoctova, diamincyklohexan
tetrakarboxylova

jsou to: tetradonorova az hexadonorova cCinidla — s kovovymi ionty

— stale cyklické komplexy (péti¢lenné cykly) 1:1 M* az M4+
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Komplexni slouceniny — analyticky
vyznam

komplexace — zmena vlastnosti iontu
0 haboj, zbarveni, reaktivnost

o citlivéjsi a selektivnéjSi dukaz

o snazSi oddéleni

o zbarvené k. — kvalita, spektrofotometrie
o stalé rozpustné k. — maskovani, odmerné stanoveni
o malo rozpustné k. — deleni, gravimetrie
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Komplexni slouceniny — analyticky
vyznam

KOMPLEXNI

KATIONTY ANIONTY NEELEKTROLYTY

1) kationty: akvakomplexy [Cu(OH, ), [**
amminkomplexy [Cu(NH,), |
smigené komplexy [Cu(NH, ), (H,0),]
nitrosokomplexy [Fe(NO)H,0),[** dlikaz dusitand
thiokyanatové komplexy [Fe’” (SCN)]2+

2+
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Komplexni slouceniny — analyticky
vyznam

2) anionty:  halogenokomlexy [AIF,]*

Hg”, CU”, Cd”, SnII,IV, Sb”l’v, anl, COII
(chloro- a bromo- komplexy)
kyanokomplexy [Ag(CN),|
thiokyanatokomplexy [Fe(SCN) ™
thiosulfatokomplexy [Ag(S,0,)
hydroxokomplexy [AI(H,0),(0H),|
thiokomplexy [AsS;]”

(ASII,V,’ Sb””v, Sn/v, Hg”)
polykyseliny: anionty kyslikatych kyselin =
komplexni slouceniny
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‘ Komplexni slouceniny — analyticky
vyznam

oo -loger

J
[804]2' [8203]2'
tetraoxosiran monothiotrioxosiran thiosiran

= isopolykyseliny: nahrada O% aniontem téze kyseliny

sulfatotrioxosiran chromatotrioxochroman
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Komplexni slouceniny — analyticky
vyznam

heteropolykyseliny: od kys. fosforeCné, arsenicné, kfremicite
nahrazeni kyslikovych aniont anionty Mo;0,,>

H,PO, - H, [P(Mo3O1O)4] (molybdenan amonny)
kyseliny tetrakis-trimolybdato fosforeCna
(NH, ),|P(Mo,0,,),] ddkaz, déleni, stanoveni P

zluta krystalicka srazenina
(VH, ) [As(M0,0,,),]  (NH,).[SilMo,0,,),

3) neelektrolyty [Fe(SCN),]|PtCI,(NH,),]
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Chelaty

cyklicke komplexy (kationty, anionty, neelektrolyty)
o velmi vyrazna zména vilastnosti (barva, reaktivita)
o stabilnejsi odpovidajici necyklické polydonorove komplexy

anorganickeé ligandy
organické ligandy
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Chelaty

anorganické ligandy

o komplexni kationty v zasaditych solich M" X, [XW” (OH)2J

H H ¢
| |
Py | \ M” ! 2y
‘a[:ll]/‘f |
H H ¥ -1

o vicejaderny komplexni kation — Ctyrclenné kruhy
0 narustani fetézcu = starnuti hydroxidu — pokles
rozpustnosti, podobné sulfidy (starnuti sulfidl)
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Chelaty

organické ligandy
o org. molekula se dvéma reaktivnimi skupinami (vhodné
umistene)
o aciskupiny
kyselé (nahraditelné H*)

—CO0OH  —S0,H —OH

o cykloskupiny
zasadite (volny elektronovy par)

—NH, =NH =N— =NOH =C0 =C5
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Chelaty

organicka molekula obsahuje:
o alespon 2 cykloskupiny, zadnou aciskupinu

2+
(o)
I
3 F2t —am \ FEII
ol N/
1,10 - fenanthralin e |
\ fi |

tris - (fenanthroling) - Zeleznaty
stabilni -3 pétiClenné chelatové kruhy a prechodny kov cervena barva

redoxni indikator
tris-(fenanthrolino) Fe?* < tris-(fenanthrolino) Fe3*
cerveny < modry
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Chelaty

0 vetsSi pocCet aciskupin nez = + naboji centr. iontu — cyklicky
komplexni anion
glycerin + kyselina borita

CH,OH H,COH HOCH ,
2 CHOH + HiB0; —= H|c:[:1 —B— L'|JIZ:H H™ + 3H0
CH,OH H,CO /N OCH,

kvws. bis - (glycering)-borita
H* je v objemném chelatu méné poutan nez kationtem B3* v
Kys. borité — lepsi disociace — silngjsi kyselina — vyraznéjsi

zmena pH pri titraci
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Aminopolykarboxylove kyseliny

cykloskupiny (-N=a =CQO)
aciskupiny (-COOH)

0 s vétSinou kationu stalé a ve vodé rozpustné komplexy
ethylendiamintetraocotva kyselina H,Y, 4 aciskupiny
—COOH, 2 cykloskupiny —N=, disodna sul Na,H,Y.2H,0
— lépe rozp.
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‘ Aminopolykarboxylové kyseliny

= CHELATON 3, KOMPLEXON Il

COOH——CH LHz— CO0H -0
N CH;—CHy—— N . \CH
Ma® ‘00C —CH, CH,—CO0 Ma' pCOﬁCHz/' 2
ol I
Na,H,Y « 2Na" +H,Y* // N SO,
At in V.
MZ +H,YE o MY? +2H* - SN %
M>* +H,Y? o MY~ +2H" =y \G
0 1
M* +H,Y?* o MY +2H* ¥

jednomocne ionty tvori jen malo stalé komplexy
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Komplexometrické metalochromni
(chelatometrickeé) indikatory

vznik chalatu s ionty kovu — maji mensi stabilitu nez
komplexy kovu s chelatonem a jsou barevné

konec titrace — komplex indikator s kovem se rozlozi a zmizi
zbarveni — chelatonat je bezbarvy

eriochromcern T
o OH titrace Mg?*, Zn2*, Cd?*,
Ma' 048 7Ny @i\j Pb2*, Mn2*
— e s
N
NO,

o dale: murexid, xylenolova oranz
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Cyklické komplexni neelektrolyty

vnitrné komplexni slouceniny
0 vyrazne zbarvené, nerozpustne ve vode, rozp. v org.
o obsahuji souCasné aci- a cyklo- skupinu
o selektivni reakce
diacetyldioxim = CUGAJEVOVO CINIDLO

H
D E|JH IDfI/ﬂ R\b
HSCfm\ N ,JJ
: N I I I I
o HT/ .
Q D C|l IDI
T e

bis(diacetyldioximo)-nikelnaty
chelat — rUzova srazenina
Zluta srazenina s Pd!
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Neutralni chelaty

0 s diacetyldioximem a dalsi
a-nitroso-p-naftol s Co" v CH;COOH — ¢ervenohnéda

/ N ‘ srazenina
| i ILINSKEHO CINIDLO
=N
} CDIH
P ——{y
\ L
tris-(alizarino)-hlinity chelat
A3 r s . qo
7% vybarvovani hydroxidu

o

| OH (lakl)
©: ,cerveny lak“ Alll, Mg
c

0
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Funkcne analytické skupiny

jsou kombinace aci- a cyklo- skupin, které davaji s urcCitym

kationtem podobné reakce, napr.:

H_C Ry Ry Ry, radikaly

H—C—@Q R3 muZe byt H nebo OH

poskytuje s Ni¢* vzdy ¢ervené/oranzové chelaty malo rozpustné

ve vode
stanoveni Cu — benzoinoxim (kupron

N

OO O750 Uy

DH DETZOinoxim E:u—D
v NH 5 zelena sraZenina

hall 2

axinat

B-hydroxychinalin + kation

gravimetrie nebo bromatometricka titrace
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Metalochromni indikatory

v roztoku pritomno

o pred titraci M™
o po pfidani indikatoru M™, Mind (zbarveny komplex)
o po pridani chelatonu M™, MY ™) Mind

H,Y?2- v prabéhu titrace
o tésné pred b. ekvivalence MY ™" Mind
o v bodé& ekvivalence MY ™) Ind™ (zm. barvy)

eriochromcern T
xylenolova oranz
fluorexon
murexid
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Metalochromni indikatory

eriochromcern T H,Ind~ o HInd* o Ind*
cervena modra zlutozelena
o pri pH 7-11 je roztok modry, kovy zde tvori Cervene komplexy
Hind*~ + Mg** « Mgind~ +H"
modré cervené 10, 10-°M roztok Mg=*
o v bodé ekvivalence Mg*" — MgY* Mg, Zn, Cd, Pb, Mn, pH =10
Mgind~ - MgY?*"
xylenolova oranz (sulfoftaleinové barvivo) H:Ind

o pH 1-6 zluty, chelaty kovu Cervené, fialové Bi, Th, pH 1-3, Hg, Cd,
Zn, Pb, pH 5-6

fluorexon (na bazi fluoresceinu) Hglnd

o Ca?* v pfitomnosti Mg?* (nadbytek) zZlutozelena fluorescence —
svétle ruzova (ekv.)

murexid (amonna sul kys. purpurové)
o Ca pfi pH 10 Cervena — modrofialova (ekv.)
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Chelatometrické titrace

o disodna sul EDTA — chelaton 3

o pK, =199 pK,=2,67 pK;=6,16 pK,=10,26

oS kat(ion’gy tvori malo disociované, stabilni, rozpustné komplexy
MYy \mm

podminene konstanty stability, zavislost na pH

TITRACNI KRIVKY — H,Y* +M™ o My'™*F 424"

.- « = M

(M]L] m L]

koeficienty vedlejSich reakci
a, =M |[M] a=1

ekv:':'a/. bod a, = \_L’J/ [L]
zavislost na konst. stability pM = f(V)
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Chelatometrické titrace

pM =~pK,, +log [L]/[ML]

v ekvivalenci plati  [M].., = Lo
[ML]ekv —Cy

=—pK, + IOQ[M]

1
pM,,, = E(pCM — pK )

pM.,, o —logcy,

prubéh titrace:
o vizualne (metalochromni indikator)
o potenciometricky (elektrody)
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Chelatometrické titrace

standardizace odmeérného roztoku 0,05M chelatonu 3
o PbCI,, urotropin (tlumic), xylenolova oranz

flaloveé Cervena — citronové Zluta

H,Y* +Pb*" « PbY* +2H"

a0 1cm?® 0,05M chelatonu 3 = 0,05 mmol H,Y? = 0,05 mmol
Pb = 13,91 mg Pb

stanoveni Mg?#*
H,Y* +Mg®" o MgY?* +2H"
o 1cm?3 0,05M chelatonu 3 = 0,05 mmol H,Y? = 1,21 mg Mg?#*
o vzorek (Mg?*) + tlumi¢ NH,CI/NH,OH + eriochrom&erii T
vinove Cervena — modra
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‘ Chelatometricke titrace

= stanoveni Ca?* a Mg?* vedle sebe v jednom vzorku
o princip:

= 1. cast vzorku — titruje se selektivné Ca?* ne fluorexon:
Zluto-zelena — ruzova, 2M KOH

m 2. cCast vzorku — Ca + Mg na eriochromcern
log K¢,y =10,7)log K,y =87

1. titrace Ca: fluorexon, 2M KOH
2. titrace Ca + Mg: eriochromcern, NH,CI/NH,OH
obsah Mg se pocita z rozdilu spotreb
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