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Interfacial Polymerization (IP)

Intro. Ho
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+ HCI + Heat
H’NH MH LNH MH OH
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cloc cocl Polyamide film

IP reaction

« A very fast reaction <1 sec.

* A thin (<250nm) PA selective layer

H,N

NH,

o

M-phenylene diamine (MPD)
Nulens and Ben Zvi et al., JMS (2022)



The product of IP:

Intro.

Crumpled polyamide film
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Synthesis ? Morphology ? Performance

Why?

v Improve existing membranes

v Move towards ‘green materials’

Green TFC membrane

3
Park et al., Green Chem. 2021



System'’s Film
Bk stability » morphology

E A The Concept

Our
concept

Instability
mechanisms

Smooth= Stable Unstable
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https://www.youtube.com/watch?v=yOWRJtXvpSo Nulens and Ben 2vi et al., JMS (2022)
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- No soluble gasses W|th soluble gasses

During IP

Our
concept Ma et al., Environ. Sci. Technol Lett. (2018)
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Freger and Ramon, Prog. Polym. Sci. (2021)
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Freger and Ramon, Prog. Polym. Sci. (2021)
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IP system

Reaction

Organic phase
Interface

Aqueous phase

Gradients in interfacial tension

drive a flow: Marangoni flow
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https://www.youtube.com/watch?v=yOWRJtXvpSo
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During IP

Hydrodynamic Instability =
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Freger and Ramon, Prog. Polym. Sci. (2021)



How can we observe a flowin IP ?

Microfluidic
Methods device Confocadl
' Microscopy
Videos of 2D

Image over time
~39 frames/sec
AQueous phase: fluorescent

particles (Tum) + MPD
Organic phase: Isopar-G + TMC




Methods

'Acquisition

Particle Tracking

Localization
FWHM

D

\ ||

¥ 1

Tracking

B

Manzo et al., Rep. on Prog. in Phys. (2015)

Acquisition of the
displacement using
confocal microscopy
Tracking particles
using TrackMate

plugin, Fiji.
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Methods

What do we expect to see?

Trajectories:

e

EA

Evidence for instability

s

> | isotropic motion

No bulk flow.
The motion is thermal-driven.

0 ™ /

¢ Anisotropic motion

« Particles act as tracers that

move with the bulk.
« Brownian + bulk directed moﬁl?n
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Results

Observed itrajectories

Low concentrations:
0.02% MPD; 0.001% TMC

Non-directed motion of particles

The motion has Brownian behavior

50 100 150 200 250
X [pem]

230

200

Standard concentirations:
2% MPD; 0.1% TMC
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M |

Directed motion of particles
towards the intferface

I e —— U e e S

0 50 100 150
X [pem]
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Results

MPD diffusion Observed
MPD partitioning irajec’rories

Intferfacial tension

CO-Solvent:
2% MPD; 0.1% TMC +
2% Ethyl acetate

Polymerization

High concentirations:
4% MPD; 0.2% TMC

Directed and fast motion of
particles towards the interface

0 50 100 150
X [ X [pm]



— Observed trajectories
L . Bubbling
| | Additives in the
Interfacial fension aqueous phase Sustains reaction
SDS: NaHCOs:
27 MPD +2% SDS; 2% MPD +2% NaHCOQOs;
0.1% TMC 0.1% TMC
230 v
200
140
€
Results f

 Non-directed motion of particles
« The motion has Brownian behavior =S

0 50 100 150 200 250 0 50 100 150
X [pem] X [pm]
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) last

. ma)é distance travelled
net distance .

Confinement ratio= 75rara5Ta7c2 Traverad
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0 < Confinement ratio < 1 net distanck or /?\
track displacement f - ,_.
P e
“*Confined"” Directed motion
movement~
Results Brownian motion @ first

total distance travelled = } d.

i+

net distance max distance travelled = Max dy.
Straight line speed= total frack fime mean directional change = 1/N ¥ a.

1
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i+

Meijering et al., Meth. Enzymol. (2012)
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Confinement ratio= T575rTsTonce raveled
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Confinement ratio

Motion Parameters

net distance net distance
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Motion parameters inCrease when monomer concentrations increase
and with the addition of co-solvent = more directed flow

Motion parameters for the additives are like Brownian motion

Straight line speed= F57qTfrack ime
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Freger and Ramon, Prog. Polym. Sci. (2021)
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O Conclusions M

O
* Different motion behaviors between the tested conditions.

* At higher monomer concentrations and\or with a co-solvent a directed
and fast motion towards the interface. O

O
* Addition of SDS or NoHCOs3, resulted in Brownian motion.

* | Tracking particles provides us with new insights about IP.

Future work:
* Test other kinds of additives.

* Data analysis.
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