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- —#%2% Hapete ja aluste kditumine mittevesikeskkondades = neied
®@®®@
Kuidas usaldusvaarselt moota hapete ja Kas vesilahuse pH skaala on laiendatav
aluste tugevusi mittevesikeskkondades? mittevesikeskkondadesse?
Ka
HA + S ——— A~ + SH* pH = —log a(H*),

a(A7) - a(SHY) i .
pPK,(HA) = —logK,(HA) = — log (A * a(H*) on seotud H* kontsentratsiooniga

vastavas keskkonnas S

. N * Igas keskkonnas S on omaenda pH skaala
* Vees on pK, moédtmised rutiin

* Tavaparased pH vaartused ei ole eri

keskkondade vahel vorreldavad
 Mittevesikeskkondades:

* pK, moéotmistega on suured raskused

* Naide:
e Suured liingad teadmistes

pH 7.0 vees on neutraalne
pH 7.0 atsetonitriilis on tugevalt happeline
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* Kirjanduses on arvukalt vigased andmeid
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53@:3%@@@@ Milleks seda vaja on?
e Suur osa keemiat toimub _
) ) Lahusti
mittevesikeskkondades
e orgaaniline suintees, kataltuutilised Tetrahidrofuraan
Atsetonitriil

protsessid, mittevesi-elektrokeemia

e Paljud protsessid soltuvad tugevalt
ainete happelisusest-aluselisusest

e Mittevesilahustes on hapete ja
aluste kaitumine veest vaga erinev

 molekulide ja (eriti) ioonide vaga
erinevad solvatatsioonienergiad

Propuleenkarbonaat
Atsetoon
Dimetltlformamiid
Dimetuulsulfoksiid
PUridiin

Etanool

Metanool

Vesi

Aidikhappe
CH,COOH pK; *

24
23.5
22
21
13.5
12.3
12
10.3
9.6
4.76

* Logaritmiline skaala.
Madalam vaartus — tugevam hape.




Andmed:

Trummal et al J. Phys.
Chem. A 2016, 120,
3663

Paenurk et al Chem. Sci.
2017, 8, 6964-6973

Parman et al J. Phys.
Org. Chem. 2019, e3940

Tshepelevitsh et al J.
Phys. Org. Chem. 2019,
6735

Katt et al Eur. J. Org.
Chem. 2021, 1407

Vazdar et al Acc. Chem.
Res. 2021, 54, 3108

Leito et al Pure Appl.
Chem. 2025, 97, 973

H,O Atsetonitriil 1,2-dikloroetaan Gaasifaas

(o
—— 251.0(342.3)

30 _ 250.1(341.1) CH,COOH

PK,

Happed ja alluéed eri keskkondades

7 —— 237.5(324.0)

: —— 2405 (328.1) HC| O
20| oy o
] 202 | —— 238.2(324.9) O

i CF, o
NH

—— 233.4(318.3) HBr - Cfi

/ g0

F F
—— 231.6(315.9) COOEt
F@H
— 229.8(313.5) CN
F F
-—— 220.0 (312.4) . F F
FF F
‘ ‘ E
E
0.

1 F.
—— 226.7(309.2) HI F
= 226.2(308.6)  OH cn F

NO,

NO,

T 2218302 @'@

“—— 220.4 (300.6)

219.6 (299.5) @

0+ . e A0 S SRS ——— T T T 7Y

O,N
oH
. ON NO,
CN
NC—EH
216.1 (294.8) CN NO

2
214.8(293.0) CF,SO,0H
213.4 (291.1)

210.0 (286.5)

10 CF,S0,,

SN 2084(2842) CF,SOS

.. 337
e 330 7 OH
F,CO,S SO,CF,
2.6
T 29.7
227 . SO,CF,

CN

NC %\FCN
—— 195.9(267.2) N H

C  ¢N

Fpg FF‘
F

OZN@SOZNHSO;@NOZ

30

20

10

H,O0 Atsetonitriil

Tetrahiidrofuraan Gaasifaas

pK, GB N
N

194.0 (264.6) EtP,(dma) \_n=p_N=p_N
| |
N

— O AN

N
><”:F-’*'O
(N; #BuP1(pyrr)

—— 189.6 (258.7) ,\—:
N~ HPu(pyrr)

H—N:F:PNG PhP,(pyrr)

—— 187.0(255.1) N
N
| — 1848(2520) N=P-N
’ W, i
—— 183.0(249.6) H-N=P-N

’\“ \
7\ HPy(dma)

GO
P
N

—— 177.9(242.7) (%

176.5(240.8) N
S / NN
© /T 176.2(240.4) N

P 1725(235.2) |\
—— 172.1(234.8) N—

e

N
—— 170.2(232.1) /

/ —

T 166.4 (227.0)

~
9.5
g, 55 N
= 0
A ) T 159.3 (217.3)
— 159.3(217.3) N/
\

N 157.4(214.7)

@

N

N 149.0 (203.3) {;yNH2



@@%

@®
00 &

S05 SRS, . .
S 9%9% Usaldusvaarsed pK, vaartused mittevesilahustes?

e Hapete tugevuste skaala e Aluste tugevuse skaala

e Lahusti: atsetonitriil e Lahusti: atsetonitriil

e Ulatus: ligi 30 suurusjarku e Ulatus: ligi 32 suurusjarku

e 231 happe pK, vaartused e 279 aluse pK,, vaartused

e 569 ApK, mooteseeriat e 682 ApK,,, mddteseeriat

e Kooskolalisuse standardhalve: 0.03 e Kooskolalisuse standardhalve: 0.03

A. Kiitt et al Eur. J. Org. Chem. 2021, 1407-1419 S. Tshepelevitsh et al Eur. J. Org. Chem. 2019, 6735-6748
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Meil on analoogne pK, mootevoimekus u 10 keskkonnas

Me oleme mittevesilahustes ainete happelisuse-
aluselisuse (pK,) m&dtmise alal

Maailmas Grupp No 1

Saame pidevalt soove kogu maailmast

Koostoo kimnete gruppide ja mitmete ettevotetega
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pK, skaalad kui ,t66riistad”

e AsUummeetriline katalliUs
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cation- ; i o M.J. Scharf et al J. Am. Chem. Soc. 2024,
acidity

146, 28339
H.Y. Bae et al Nat. Chem. 2018, 10, 888
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* Objective =~ B Description =

Objective

The objective is to summarize and critically evaluate the data on ionization constants of acids (pk; data) available in a
selection of polar aprotic solvents, which are either (1) the most popular solvents for pK; determination or (2) have
properties specifically suitable for determination of pKj; values of certain compound classes. The outcome of the work
will be a compilation together with critical evaluation of pk; values (published as an article in Pure and Applied
Chemistry). The tentative solvent selection is the following: MeCN, DMSO, DMF, pyridine, acetone. In the polar aprotic
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solvents almost full coverage of measured compounds will be possible.
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Acid dissociation constants in selected
dipolar non-hydrogen-bond-donor solvents
(IUPAC Technical Report)
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Abstract: This compilation includes more than 9000 pK, values determined in seven dipolar non-hydrogen-
bond-donor solvents {dimethyl sulfoxide, acetonitrile, N,N-dimethylformamide, pyridine, acetone, 4-methyl-
1,3-dioxolan-2-one (propylene carbonate), oxolane (tetrahydrofuran)} for close to 5000 acids collected from
around 800 original works published during the last 60 years. The data have been critically evaluated on the
basis of defined quality criteriaand depending on situation, kept as they were originally published, marked as
doubtful/unreliable (around 2700 values) or corrected (around 2400 values). To enable automated processing
and mining, the data are presented as a set of spreadsheets, together with structural codes (SMILES and InChl
strings), compound class qualifiers, and comments. The document contains also comprehensive educational
background information on the acid-base processes in non-aqueous media, as well as brief descriptions of the
main measurement methods, with focus on the reliability of the data and sources of uncertainty. The full
dataset is available at the permanent address https://doi.org/10.5281/zenodo. 12608 876.

Keywords: acidity; Brensted acid; chemical equilibrium; hydrogen ion (proton) transfer; pK;; solvents.
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Ule 5000 happe

7 mittevesikeskkonda

e Dimetuulsulfoksiid, Atsetonitriil, Dimettltlformamiid, Atsetoon,
Proplileenkarbonaat, Puridiin, Tetrahlidrofuraan

Umbes 800 teadusartiklist
Ule 9700 kriitiliselt hinnatud pKa vaartuse

e Umbes 2700 hinnatud kahtlasteks voi ebausaldusvaarseteks

e Umbes 2400 korrigeeritud

Arvukalt selgitusi

e pK, vaartuste fusikokeemilised alused, mddtemeetodid,
maaramatuse allikad, kriitilise hindamise alused

Avaandmed: , Elav andmebaas” Zenodo’s
https://doi.org/10.5281/zen0do.12608876
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e Visioon

Olemasolevate andmete, mootevoime ja mudelite/ML/AI abil on
voimalik luua voimekus
mistahes aine pK, usaldusvaarseks ennustamiseks
mistahes keskkonnas

Sisuliselt on voimalik kogu mittevesikeskkondade
pK, temaatika , paika panna®
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Ligpl!
UnipHied

Kas universaalne pH on voimalik? S
Jah: Uldistatud pH skaala*, pH

abs

* Unified pH scale

* pH,, . vaartused on seotud H* absoluutse keemilise potentsiaaliga

“abs(H+)
e mitte H* kontsentratsiooniga lahuses

e Enamasti kasutatakse yankurdatuna® vesilahuse pH skaala
kulge: pH

abs

H,0 _ —Haps(H*,s0lv)+Ag01vG°(HT,H,0)
abs RTIn10

pH

A. Suu et al Anal. Chem. 2015, 87, 2623-2630
V. Radtke et al Pure Appl. Chem. 2021, 93, 1049 15




Airgnl!
UnipHied

Mida see pH_,. annab? —

abs

pH;fSO 7.0 mistahes keskkonnas vastab prootoni

termodinaamilisele aktiivsusele pH 7.0 vesilahuses

Mistahes keskkondades moodetud pH_, . vaartused on

omavahel vorreldavad!

abs

16




gyl
/AEméGtmine \ [ ] EHIM

Vedelik-vedelik piirpinna
potentsiaal (E;) elimineeritakse
spetsiaalse soolasilla abil

.

/pH elektroodide t6usuh
maoodetakse sobiva
vordluselektroodi vastu

Kuidas moota?

Diferentsiaalpotentsiomeetria:

e Kaks pH-tundlikku
indikaatorelektroodi

Qhusz Lahuslj E
oo oo . [ ApH,, = AE,, [ tbus ] @ =
vaartu5| 1 N — —

e Mdddetakse ApH

e Ankurdatakse vesi- ‘

___________________________________
- S

Sta n d a rd p U hve rI a h u Ste ku |ge E'/ . ApH,,, vdartustest ehitatakse skaala

abs

_____________________________________________________________

Ap;1 ) T
! 2 + Ale &
ankur-lahuse APHZ & l T ApH,
se o oo oo ° ° H,0 : f A H2_3 -
Vilja té6étatud meie grupis: pi Do, |

~

____________________________________

A. Suu et al Anal. Chem. 2015, 87, 2623-2630 (oo ¥ .=

A. Heering et al Symmetry 2020, 12, 1150 o vadrtustevahel ]
A. Heering et al Analyst 2024, 149, 1481 I
[ Kdigile uuritud lahustele omistatud pH!2° visrtused ]
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Saab korrektselt moota pH vaartusi ...

.. ligi 50 suurusjargu ulatuses
.. lahustite segudes
.. superhappelistes ja superaluselistes keskkondades

H+ -800 900 -1000 -1100 -1200 -1300 -1400 -1500
”abs( ) L L L L |

(kJ mo|-1) : T | : : | | |
B4 vesi
B s 1 Vesi-vaavelhape
Superhapped - = . DMSO
B _ B 3 T Atsetonitriil
B o Puridiin
B «crge)F Tetrahldrofuraan
- (kdrge) - ~Inertsed lahustid
120 — | j | | | |
PHabs g5 -33 13 7 27 47 67

Ll

Un
4

ipHied
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? prlfSo llj|_ml HI%
pH_, rakendused? " . + niptlied
]|+ nium

~ g5 | petmean) Superhappeliste
Vedelikkromatograafia o ..~/ keskkondade

mobiilfaasid N : & happelisus

E A. Heering et al Analyst of jeecmt T
Elektrokeemia ja elektrokataliiiis 2024, 149, 1481 -

wt.-% H,S0,

mittevesikeskkondades

V. Radtke et al Angew. Chem. Int. Ed.
C. Mi, Inorg. Chem. 2025, 64, 16423-16432 % 2025, 64, e06429
H m———
. . . . @ p a bs Happelisus
lonisatsiooniprotsessid B ammm——-

massispektromeetria ioonallikates Q

ESI mechanism according to the ion
evaporation model (IEM)

mitmefaasilistes

slisteemides (bio-
membraanid,
mitsellid, ...)

Organic phase

AH2 A -Ety,N* +H*
Happelisus madala polaarsusega
/ keskkondades, kus solvateeritud H*
sisaldus on ~olematu

Polar, slightly acidified solvent, e.g.

Water-MeCN (+ HCOOH) 2
/ ey J.P. Samin et al ACS Omega 2026, 11, 30073 —— |
c@? o e SRR et R O e < 1s 5810 A. Leesment et al, Anal. Chem. 2022, 94, 4059
® el E. Paenurk et al Chem. Sci. 2017, 8, 6964 |
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Kui happeline on 100%  pu° UnipHied
e oo . a
vaavelhape tegelikult? 251 ° H, ) .
1| o pHSY(SSE) +#0
* Olulisus: vadvelnapeon 201+ pHi2(Lse) . :z
superhappelisust defineeriv aine pH"%(mean) ) o .
* Tavaarusaam: pH = H,=-12 =15+ ® o
e Usuti, et H, on enam vdhem ~ ® 5 ;
interpreteeritav kui pH -10 - * " _:ﬁii
+ é:.'::_:“[ﬁ:ﬁ_. |
e pHabs m&dtmised naitavad et 5. R
@ © _ &°
pH;Ilst =-241+2 ' . B 5 s B ©0© G
0{ o
Tundub, et on aeg L - . - : : . : .
0 25 50 75 100

H, skaalast |
o Skaalast loobuda wt.-% H,SO,

V. Radtke et al Angew. Chem. Int. Ed. 2025, 64, e06429 20
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Visioon: pH/happelisus piirpinnal! UnipHiied

e Hapete-aluste kaitumine faaside

. . . . Org. lahusti/

piirpindadel erineb oluliselt sisemusest " Bhk/tahkis
e Arvukalt nditeid/rakendusi:

e Katallus piirpinnal (,on-water catalysis”) 1 piirpind

e Atmosfaarikeemia arosoolitilkade pinnal J ~10-30 A

e Elektropihustus-massispektromeetria

e Protsessid elektroodide piirpindadel

o . — Veefaas
e Huvi on suur, kuid piirpinnal

pH/happelisust moota ei osata |

21




Step 1. Setting up the method

Kuidas moota?

e Moota pH/happelisuse erinevusi
e piirpinna ja mahu vahel
e kasutades sarnaste pH-tundlike ratiomeetriliste
indikaatorite paare ja laser-
fluorestsentsispektroskoopiat
e Uks indikaator on pindaktiivne

e Teine indikaator on sarnane, aga hiidrofiilne
e Koondub veefaasi mahtu

e Lahendamata probleeme on praegu veel arvukalt ...

... piirpinnal ... lahuse mahus

Fluorestsntsi emissioon piirpinnalt Fluorestsentsi emissioon mahust

7

Protoneeritud

Deprotoneeritud

Protoneeritud
Deprotoneeritud

Design and synthesis of probes

e §
Hydrophilic acidic/basic moieties with l

|
AVeOu 0@ ,“@

(" Hydrophobic and hydrophilic tails l N

" e

[ Probe pairs with identical acid-base moiety
L (ideally, with the same pi_) for

interface and bulk

Effect of the environmenton pK,
P e
7 Estimation of the effect of water structure differences on pK,

pK, measurement in medium-

\

AY

\
: 1. Hydrophilic probes in bulk water with additives: F""a"‘;::;:’:i::::“ both &, \ &, \ |
| pkzinwater vs K, in (water  organic solvent) . D - :
1 pK,in water ws pK,in (water + chaotropic salt)
| Evaluation of effect of tail 4— !
| 2 Probe pairs in two-phase systems: 7 |

I
! '
\ Apk,=? |
I
1 Apk, = 1 | Estimate pK, in bullk Measure aqueous pK; values. |
1 effect of the environment + | water for probeswith ¢——  (i.e. pk; in bulk water) for
1 effact of tail + 1 | hydrophobic tails probes with hydrophilic tails !
| ApH(interface vs bulk)* 1 | |
| |
1 *constant for a fixed salvent pair : | |
| N\ LS i
1
\ \ Q ’
\ ’ A ’
~ _ SN o e e e e e e e e -
. e o e
s 3-4 characterised probe pairs |
P ) for each pH range (for 3 h
K @ummea  averageing the medium effects) /

Step 2. pH measurement

A\ 4

pK, at interfaces = pK, in bulk + ApK,
{ApK,: correction for environment and tail)

+

oM Indicator ratio [Ind]/[IndH*]

& d via rati e P b
\‘ el b ]l R Ry n -
T B, [IndHY] T Ry - R
N

pH(interface) found by Eq. 1 (Scheme 4)

N 4

\ Effect of interface: ApH = pH(interface) — pH(bulk)

e v

pH(bulk) found by Eq. 2 (Scheme 4)

RN

™~




Jarelkasv, “Pungunud” teemad Kaitsnud doktorante:
Hetkel jJuhendamisel:

Kunstivaartuste analliitiline keemia
Signe Vahur
Uli-superaluste siintees ja omadused
Agnes Kutt

Pilleriin Peets

Massispektromeetria mudelid ja rakendused
Anneli Kruve

Mikrofluidika rakendused keemilises analiiusis
Hanno Evard
Tehisaru analiiitilises keemias
Asko Laaniste
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Veebikursused

v @ 2.Theorigin of measurement 1 X 4 = o X v @ 7.Accuracy - Validation of ligu X+

|« G A % sisuut Ex DB O @ : 3 C @ % sisuutee/lcms_method validation/7-accuracy/ ¥ e D EO @O :

Estimation of measurement uncertainty in chemical analysis Validation of liquid chromatography mass spectrometry (LC-MS) methods

Course introduction 2. The origin of measurement uncertainty Soweeriaduniiin 7. Accuracy

Brief summary: Explanation, on the example of pipetting, where measurement uncertainty comes from. The concept of uncertainty sources

1. The concept of measurement uncertainty (MU) . - effects that cause the deviation of the measured value from the true value - is introduced. The main uncertainty sources of pipetting are ‘ 1. Validation: General v r—— TR
introduced and explained: repeatability, calibration, temperature effect. Explanation of random and systematic effects is given. The concept of Types of errors oS ~
P P v . e v g o ‘ characteristics expression of

|
\
‘ 2. The origin of measurement uncertainty A repeatability is introduced. ZSRleetaraR ety cobfatinn. W7 performance
Stz The first video demonstrates how pipetting with a classical volumetric pipette is done and explains where the uncertainty of the pipetted 3. Linearity of signal, linear range, SRS
} Trte bedconcenieendiogs . volume comes from. sensitivity = | Systematic error I -t [ Trueness I —— [ Bias ]
‘ : — i - 4. Precision v l l l
| 4. The first uncertainty quantification v ‘ — - — | .
5. Principles of measurement uncertainty estimation v — — ' I I
6. Random and systematic effects revisited v additional aspects X RZ’[‘:’;’" ot [ Precision | ~—t repi;::::jr:;\;i::i::mw
— v R et A
‘ @L BOSesigoppoach v ‘ @ 9D SHELGO " https://www.youtube.com/watch?v=iunCIGAivzo
MU estimation 2014 | 2015 | 2016 | 2017 2018 | 2019 | 2020 2021 2022 2023 2024 2025 2026 Total LC-MS Method Validation 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 Total
Registered participants 271 489 | 760 363 @ 521 590 | 843 950 @ 851 993 1047 1061 796 | 9535 Registered participants 303 424 426 | 515 @ 791 @ 850 @ 903 1014 1029 995 | 7250
Successfully finished 141 1 169 308 @ 148 | 218 | 238 464 314 239 333 | 398 | 307 | 345 3622 Successfully finished 168 159 | 125 | 161 @ 221 @ 209 @ 218 311 | 299 337 2208
Active participants 201 | 272 | 455 | 216 | 358 381 H 600 @ 501 @ 405 | 523 | 655 | 524 | 450 5541 Active participants 224 | 236 227 | 267 338 | 380 376 508 509 486 3551
Successfully finished % 52% 35% 41% 41% 42% 40% 55% 33% 28%  34% 38% 29% 43% 38% Successfully finished % 55% 38% 29% 31% 28% 25% 24% 31% 29% 34% 30%
Participated % 74%  56% | 60% 60%  69% | 65% 71% @ 53% | 48% 53%  63%  49% 57% 58% Participated % 74%  56% | 53%  52%  43% | 45% @ 42% | 50% 49% 49% | 49%
fully finished 9 ini 9
Successtullyfinished % 1 200 620 68% 69% 61% 62% 77% 63% 59% 64% 61% 59% T7% 65% successfully finished % 75% 67% 55% 60% 65% 55% 58% 61% 59% 69% 62%
(active participants) (active participants)
Number of countries 40 70 | 8 69 70 8 95 97 103 99 104 100 96 146 Number of countries 61 71 70 77 86 97 104 109 99 95 | 142
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* Tapsemini: riigid ja ,territooriumid®, a la Taiwan

Riigid®, kust me oleme inimesi 6petanud

146 riiki ja territooriumit: Albaania, Alzeeria, Ameerika Uhendriigid, Antigua ja Barbuda, Araabia
Uhendemiraadid, Argentina, Armeenia, Austraalia, Austria, AserbaidZzaan, Bahama, Bangladesh, Barbados, Belgia,
Belize, Benin, Bermuda, Boliivia, Bosnia ja Hertsegoviina, Botswana, Brasiilia, Brunei, Bulgaaria, Burundi, Costa Rica,
Kolumbia, Curacao, Djibouti, Dominica, Dominikaani Vabariik, Ecuador, Egiptus, Eesti, El Salvador, Eswatini, Etioopia,
Elevandiluurannik, Fidzi, Filipiinid, Ghana, Grenada, Gruusia, Guatemala, Guinea-Bissau, Guyana, Haiti, Hiina,
Hispaania, Holland, Honduras, Hong Kong, Horvaatia, lirimaa, lisrael, India, Indoneesia, Iraak, Iraan, Island, Itaalia,
Jamaica, Jaapan, Jeemen, Jordaania, Kaimanisaared, Kambodza, Kamerun, Kanada, Kasahstan, Katar, Keenia,
Kolumbia, Kongo Demokraatlik Vabariik, Kosovo, Kreeka, Kuuba, Kuveit, Kbrgdzstan, Kupros, Leedu, Lesotho,
Libeeria, Liibanon, Liibua, Léuna-Aafrika Vabariik, Lduna-Korea, Lati, Makedoonia, Malawi, Malaisia, Malta, Maroko,
Mauritius, Mehhiko, Moldova, Mongoolia, Montenegro, Mosambiik, Myanmar, Namiibia, Nepal, Nicaragua, Nigeeria,
Norra, Omaan, Pakistan, Palestiina okupeeritud ala, Panama, Paapua Uus-Guinea, Paraguay, Peruu, Poola, Portugal,
Prantsusmaa, Puerto Rico, Rootsi, Rumeenia, Rwanda, Saint Kitts ja Nevis, Saint Lucia, Saint Vincent, Saksamaa,
Sambia, Saudi Araabia, Senegal, Serbia, Serbia ja Montenegro, Sierra Leone, Singapur, Sint Maarten, Slovakkia,
Sloveenia, Soome, Sri Lanka, Sudaan, Suurbritannia, Suriname, Siiliria, Sveits, TadZikistan, Tai, Taani, Tansaania,
Taiwan, Togo, Trinidad ja Tobago, Tuneesia, TSehhi, Tsiili, Turgi, TUurkmenistan, Uganda, Ukraina, Ungari, Uruguay,
Uus-Meremaa, Valgevene, Venemaa, Venezuela, Vietnam, Zimbabwe.

Eestist ca 500 taiendkoolitustel osalejat
ca 60 ettevottest/asutusest
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www.akki.ee
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Samaariumi, euroopiumi ja gadoliiniumi sisalduse maaramine RE kontsentraadis, Pestitsiidide sisalduse

maaramine puuviljades, toiduainete valgusisaldus, fosfori sisaldus mullas, lahustis koostise
maaramine, aromaatse ja alifaatse fraktsiooni sisaldus pdlevkividlis, pigmentide aalide
varvikihtides, huarre meropeneemi  sisaldus vereplasn inete
intermediaatic ] ~de sisaldus pdhjavees, ajalooli: ‘eaine
identifitse 2025 aastal:* <ividlis, sUsivesinike sisaldus  stuslikus
gaasise 5744 Ob]Ektl/pl‘OOVl » sisaldus I6hkeainetes, superhappeliste
katalus 9995 uksikanaluusi laatsete susivesinike sisaldus suitsukalas,
metaanisi ~ ctites, eeterlike olide sisaldus tsitruseodlides,
ftaalhappe sic 125 asutust/ettevotet _ntifitseerimine ja sisaldus erinevates plastikutes,
ftaalanhudriidi ja pec - maaramine alkuudvaigus, Kattelakis vaigu koostise
maaramine, Polletluleenkiles libeaine (eruukamiid) tuvastamine, Tekstullkludude koostiskomponentide
identifitseerimine, benseeni, tolueeni ja ksuleenide sisalduse mas navedelikes, aminohapete
maaramine mees, biogeensete amiinide maaramine ve! eplasmas,

. I . . o 2025 aastal:* o
klorofenoolide maaramine pinnavees, niiskusesisa . . . meoli
rasvhappelise koostise maaramine, vabade ra 51 koolltust/konSL!_IEatsmonl onide
maaramine vereplasmas, stabilisaatorite sisaldus | 15 arendustood alkaanide
maaramine montaazivahtude toogaasides, atsetooni, etuulaisc ja elanooli sisaldus
liimitoostuse lahustites, isoproputlalkoholi ja aviobensiini sisaldus pidurisusteemide puhastusvedelikes,
monor ~=_ mellitiini sisaldus mesilasmurgis, antotsuaniinide sisaldus

m. * Koondandmed: TU + TalTech + KBFI s mees, plii sisaldus pinnakatetes, lisandid bensoehappe
tootmise « /ljas, liimainete poluuretaanisisalduse maaramine, bioflavonoidid



ETAG IUT20-14, PRG690,
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  𝐩  𝑲 𝐚  ( HA ) = −     log K a ( HA ) ⁡ = −  log ⁡    a (  A − ) ⋅ a ( S  H + )  a ( HA )


    𝐩 𝐇  𝐚 𝐛 𝐬   𝐇 𝟐 𝐎


   pH abs   H 2 O =   −  𝜇 abs  (  H + , solv ) +  ∆ solv G °  (  H + ,    H 2 O )  R T ln 10


    𝐩 𝐇  𝐚 𝐛 𝐬   𝐇 𝟐 𝐎  


   pH abs   H 2 O


    𝐩 𝐇  𝐚 𝐛 𝐬   𝐇 𝟐 𝐎


    𝐩 𝐇  𝐚 𝐛 𝐬   𝐇 𝟐 𝐎


    𝐩 𝐇  𝐚 𝐛 𝐬   𝐇 𝟐 𝐎


    𝐩 𝐇  𝐚 𝐛 𝐬   𝐇 𝟐 𝐎

