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Biofouling Self-assembled monolayers (SAMs) .
Termina
 undesired growth of marine organisms on submerged structures and devices » providing access to highly controlled surface chemistries F“gf;:’;‘a' y
* ubiquitously occurring phenomenon in intertidal zones worldwide [1] » fine tuning of physicochemical surface properties (Alk:szccerr\ain)—>
» world fleet fuel consumption is 300 million tonnes higher due to fouling-induced rise in drag [2] * highly versatile tools to create defined thin organic films H“gg"g
or Head Group
* to reduce the negative impact of biofouling, suitable non-toxic coatings for the marine  changing the surface chemistry without affecting the morphology SN;e:alt 4]
environment are required or its elastic modulus
 our approach is to derive design rules for non-fouling coatings from well defined model surfaces  easy to prepare 0 4 ‘\ - 1\:\'./\‘”:”( .1
. . . . . j\':-//‘\ft‘v :z:’ T E— )\\‘ /_: ¢ —— I
with different surface chemistries and morphologies [3] e e (IS4 A /////////////]]];/

Ellipsometry Contact angle measurements

« measuring the thickness of the formed biofilms « measuring the hydrophobicity of the surfaces - reflection plane Is defined by incident and reflected beam
p-plane , ‘ ‘ * p-polarized light: polarization direction parallel to reflection plane

AT R i Bty Young's equation: * s-polarized light: polarization direction perpendicular to reflection plane

polarized | .ell‘;ptic N —
" Iight poilarize liquid (1) 7/5\/ _ 7/S|

light \ , COS® = ; o « only molecules with perpendicular dipole change to surface interact with
solid (s) lv .

* only p-polarized light is absorbed by thin layers on metal substrates

iIncoming light

TECHNIQUES || INTRODUCTION

Sample / substrat * strongest absorption is theoretically given by an angle of incidence of 80°

Conditioning by different types of seawater &1 Conditioning of surfaces by ‘spore water’ FT-IR measurements
« dodecanthiol SAM (C12) as test surface « experiments in ‘spore water’ with chemically different surfaces | pec e : o
! f i T [ 1 ; Vao(CH, v(C=0), Amid | Amid Il
- different types of commercial seawater, self made seawater and - ellipsometric and contact angle measurements Vas«in) VW<<1H2> C-O-CSIetchmg VS<CH3>£ o - \i / d
v(CH,) \4 l /VS(CHZ)
‘spore water’ (ASW where spores had been swimming for 1 h I S S DA S M
) B (ASW where sp ming forth) N o o o MMMM
2 * incubate samples in different types of water for different time periods = UDTe BOT S AUDT DT e ePEC —+—FUDT —=—DDT —— AUDT ——HUDT —+— PEG e, T e e, /‘“ﬂw\/
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% —> Spore water (SP): water in which & 601 £ ol | ]
(D = spores were allowed to swim in 3 L /Ekﬁ ” . é—’ 51 2 ) 12+
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O £= Tropic Marin (TM) and Instant incubation time [h] incubation time [h] = =3 ]
SR ]
— Ocean (10): two types of = gl =
— commercial seawater - for all surfaces contact angles change with time nE e =%, = .
— LT Self mixed salt water [5] _ o _ S | = - = = = I DDT
D 50 « thickness of conditioning layers increases with time independently of the surface chemistry - = = = e
incubation time [h] L i e e incubation time [h]
Z « PEG 2000-OH deteriorates with time in seawater, typical IR peaks (ethylene glycol: wavenumber [cm’]
. . : : _ _ Amid | and amid Il intensity on all different surfaces conditioned by spore water (SP).
8 only spore water shows film accumulation of proteins ~1122-1343 cm, CH, peaks: ~2888 cm! ) disappear but the surface stays free of proteins a) amid bands after 48 hours, b) calculated intensities of amid bands..
- all other types of seawater show slightly accumulation of proteins « chemically different samples in ‘spore water’ show accumulation of amide containing

macromolecules, e.qg. proteins (amid | (~1750 cmt) and amid Il (~1650 cm-1) bands)

How does the time scale for conditioning and

conditioning film is enhanced by traces of macromolecules, - intensity of SAM peaks (~ 2888 cml) remains unchanged settlement of spores correlate?

which are released from swimming spores kept suspended for 1 h

* significant conditioning is established after ~24 hours

Kinetic studies Correlation of conditioning film formation and spore settlement after 1 hour

b . “ . .
a)  —=—DDT —+—HUDT —— AUDT ——FUDT ——DDT ——HUDT ——AUDT ——FUDT — PEG  » Settlement (except on PEG) saturates at = ) 2500, * saturation and surface conditioning
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| Gererorating o suracestais - gettlement for about 10 hours before degradation iEmeassenas | o — Spore settlement is much faster
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Kinetics of settlement of zoospores of Ulva on chemically different surfaces over a total « settlement could be combined effect of surface S To which extend does the conditioning
duration of 36 h. L

e _ _ hemistrv and formation of nditionina laver 5004 <’y | s : of a surface change the attachment rate
a) Initial time up to 2 hours, the area in grey represents the usual time for a spore assay chemistry and formation of a conditioning laye EE s 40 o during the settlement phase?

b) settlement of spores up to a total settlement time of 36 h. time [h]

N(t) = Np(1—e™*%)
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Influence of conditioning film on settlement of alga Ulva linza

» normal spore assay with different incubation times in different types of water = - for hydrophobic surfaces incubation leads to decrease in spore density
- = an
5& = = ~FUDT (blank) « for hydrophilic surfaces the settlement density is growing with pre-incubation time
i count spores * pre-incubation with ‘spore water’ influences spore settlement already before the
, ——DDT (SP e .
E i conditioning film is fully established
SAM re-conditionin with cond. spore settlement assa with spores . . . .
pre-condiioning G oo pore setflement assay SA P _ ; ——HUDT (SP)  reason is change of surface properties as a result from adsorption of proteins and other
o Mar - i : 1l ——FUDT (SP)
e T T 30min ASW 30min blank 30 min spore ] dissolved organic carbons (DOC)
700- - - = HUDT (blank)
ol ) t - ggg EZ'?nk) » this DOC add layer deters spores from settling, e.g. by changing physical spore-surface
gt 0 5 16 15 90 95 interaction as a consequence of reducing surface energy

spores [mm®~]

- duration of preincubation [h . . .
= 1h spore water 13h spore water  24h spore water P [h] » distribution of settled spores changes from gregarious (clumped) to single spores and

400-
360 \ Settlement density of Ulva spores on SAMs after varyin : L .
o0y B . Y va spor ying small groups with exposure to the conditioning solution
250 - . durations of pre-incubation in either spore water (SP, solid

: preiioncubation i [h] . lines) or without pre-incubation (blank, dotted lines).
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INFLUENCE KINETICS

« conditioning film is formed on all surfaces

« composition of conditioning film depends on surface chemistry
* reaction rates show that spore settlement is much faster then surface conditioning
» conditioning film influences spore settlement

* surfaces get conditioned independent of the end group chemistry
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« conditioning during the settlement phase changes the attachment rate

Conditioning of surfaces plays arole in lab assays
Conditioning and settlement are competitive events
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