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Cationic organics
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Fate models optimized for neutral organic chemicals

Natural organic matter (NOM) + clay + membranes:

Negatively charged sorbents

Positively charged organic chemicals:
- very hydrophilic + high sorption affinity ( e.g. soll )

- models needed: availability, transport, tox, etc.



Outline

e« examples sorption organic cations
sorption process =ion-exchange

I-E sorption model: ionic + nonionic interactions

 nonionic interactions: single descriptors
nonionic interactions: multiple descriptors

(un)successful examples
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lon-exchange for cationic surfactants

(Ishiguro et al. Colloids Surf A. 2007, pp29-39)

Sorption decreases at higher salinity
lonic interactions

Sorption increases with longer alkyl chains
nonionic interactions
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HPLC-column experiments

« HPLC column filled with raw NOM (pahokee peat)
e Eluents = 100% water
e Column retention data for ~70 organic cations

* Retention time ~ Log K

e Control eluents composition

* Fully condition NOM to medium
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HPLC-column experiments: salt

K4 for neutral compounds

not affected by salt
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K4 for cationic compounds

differs factor 100 due to salt
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HPLC-column experiments: alkyl chain

Log K, increases

_ _ pH 7 ,5mM CacCl,
with longer alkyl chain 6
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Type of amine: charge density differences

10

©/\NH3+
I

+ neutral

high positive
charge density
(-e/nm?)

. B X




lon-exchange model

How to model ion-exchange affinity of organic cations?

Aim: predictive model based on meaningful parameters

Log Ky = lonicterm + non-ionic term
dissolved salts molecular descriptors

type of amine

(acidic groups)  (structure of sorbent)

ionic (metals): NICA-Donnan
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Single parameter ion-exchange model

Can’t we just use K, to model the nonionic-term ?
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Single parameter ion-exchange model

Kow @S a single descriptor:
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Single parameter ion-exchange model

neutral NOM model instead of K,
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Single parameter ion-exchange model

Can we simulate sorption of cations ?
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Multi-parameter nonionic term: Step 1
,Non-specific* organic cation structures

only various types of N+, alkyl chains and/or benzene
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Log K4 experimental

(1 mmol/kg)

Modeling simple organic cations

*1° (nobenz) ® 2° o 4°

® (benz)

oH7 . 5mM CaCl, . Type of amines:
Log K 1° >2° >4°

charge density

Higher Log K
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fitted Log Ky

- Log K4 = a*volume + b *density + c
pH7 , 5 mM CaCl,
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Modeling simple organic cations

R2=0.94
RMSE =0.17
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nonionic term: Step 2
Complex organic cation structures

e pharmaceuticals
- beta-blockers
- aneasthetics

e drugs of abuse

* pesticides

e neurotransmitter

calculate non-specific interaction term: volume + charge density

explain specific interaction term: descriptors X, Y, Z
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nonionic term: Step 2

Complex organic cation structures

2 parameter predicted Log Ky
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Multi parameter ion-exchange model

= empirical fitting

CODESSA software: 104 molecular descriptors

» Neutrals: meaningful descriptors covering all interactions

pp-LFER: 5 descriptors

- Volume

- Refractive index
- Dipolarity

- Hydrogen bond acceptor } specific
- Hydrogen bond donor

* non-specific
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where Is the nonionic interaction site ?

clay Si-O @ %
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Conclusions

Highly consistent diverse data set available

Log K, range is limited

Successful in modeling simple organic cations

Unsuccessful in modeling specific interactions

Molecular-scale insight needed (3D simulations)
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