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- Toqrs. ’rhe Formation of Supramolecular Polymer Networks

Al Z# 5D ? What are we making?
C BATARYT— T AR A AL AR L TRE DB

1S 3TERAISY, \?h\bﬁxﬁk‘c‘fhéﬁ *Jr’Cﬁ)é

« Supramolecular polymer network: a material made of o
polymer or polymers that are connected using noncovalent
iIntferactions at distinct netpoints

B * DFEYRENLD

supramolecular « larger than just molecules

R — o DFNDLEMO>TLDED(BEDLIID)
polymer « molecules strung together (like a train)

@'l‘r[]] ) g + Sm §@ L etc.
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« There are many methods to synthesize polymers

o F-AUEK(EAAL) anionic polymerization

SONILiE (FRxEF) radical polymerization
HhFA2 %k (BBAA) cationic polymerization

TIRT—=0 « TFDHH E
networks  a net of molecules

S
e
e

SV 1

netpoints

ﬁi!&{’ﬁéd) ? Why?

RIBSEEMHBENS (B EERSEETIV)

Can create to create stimuli-responsive materials
(e g. thermoresponsive gel)

CRIEMELENS

It is possible o create selt-healing materials

- MEHLGRYMRAUMIKY B EEERAZFESE LT
« physical inferactions make this comparatively easier

SO EEMNAIREG L. RIEFL I > F Al etk
If materials can heal, they can last longer - sustainability

S ADILHEIZIED > [BARGZEETIEAEL
Easier to recycle =2 not permanent crosslinks

LU X R gE73 I FE » Possible applications

- BjlTHTIL . gels that move
. PhohbaRykll « soft robots
- HHBIF » tissue engineering

C{mlog {ml o im0

EDVPO>TARYNT—VZFHHKTHD?
How are networks formed?

o RYRI—DIFIEFERIICE-ITMERIIZHZASNTLNS

« Networks can be either chemical or physical

)’\/(L
{ERRGERYET—4 %E*H’m?vb'?—b *;5 h
chemical network physical network

£ f\zﬁk 2
i‘% RS o

- HHFHEE covalent bonds - JEHFEHEE noncovalent bonds

. tt$)LE|,:” 580U\ stronger « LEERRIIZEELY weaker

« —HiENTF-5, BLIZKLY harder « ENTHLELAT UL easier to fix
to fix when broken when broken

« SEXBEHRBEMHEAEERIIMA ?ENCHULNGELY?
« What are non-covalent bonds¢ How strong are they?

$£8& I RRJLX¥— bonding energies

covalent bonds | o T A AT ViEa e
N ion-ion bonding

coordination bonds
ion-ion bonds | O@

ion-dipole bonds ﬁ/— bonding

O===Br—Br
halogen bonds | O%

/\D#/ﬁn _N
HON

halogen bonding K
H-bonds (weak) o) O KRHEE

)J\ H H-bonding
e |- -n T E R ITI’

van der Waals bonds U—Dlnteracuon

H-bonds (strong)

0 40 60 80 100 120

blndlng energy (kcal/mol)

data adapted from Desiraju, G.R. et al. Crystal Engineering a Textbook and Vanderkooy, A. and Varshey, D.B. et
al. “Supramolecular Interactions” in Supramolecular Chemistry: From Molecules to Nanomaterials, Wiley, NY, 9-24.
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* Use matching pairs of inferactions to form netpoints

O-H---0
B

BEHEMIXS

self-complementary

—

0---H-0
5l ex.

&

ANTORGHIR S

hetero-complementary

)Y —FEIEDE
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» Polymer structure is also very important 1
Ay T N /
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Three common structures for supramolecular polymer network
3 Y y Y Y

TLEF—LyoR)<— ABAKJZAYYaR)T— S48 LaRk)z—
telechelic polymer ABA triblock copolymer random copolymer

RE ORI —MWEEAEBIOIIELTHY N\ mwsncumn
Y—E A (FREGHIE) A ETHS uncontrolled
To make designed polymer structures,
“living polymerization methods”

(precise control) are needed <
VEV T hFAVEEERIZKY
Living cationic polymerization allows for

« FREBK « precision synthesis

star

YE> Y ()

living (controlled)

SFE
molecular weight (MW)

+ BIFABEFEUY—
» FSVT TNV AT L

« wearable electronics
« drug delivery systems

o BRARIGAR)T—FEE FAA[EEIZ !
« BRAILEREHR

* various polymer structures
« various functional groups




B BE Strategy M, X10% | Time

- Conv.
A SETHELNTLNELNEEEREES o (M;”/g”") i o ro H80min
Use understudied intermolecular interactions |

/—o (1.09) "\99% (1.06) || 99%
TS FARYT—F I T = ELTAAY— A A AR ERLTL S b o |

0 = |1 80min
BR)I—%1&EtT 5 1.1 1 +12h 2.4 |'| +20h
. _ @rIvE (1.47) |\ 196% (1.18)/|! 18504
Investigate model supramolecular polymer networks using — A AN
polymer capable of ion-ion interactions 106&‘:’5\,1(‘;‘316’3102 O.E(\),EB 106 105 10° 103 102
3) + MLVEBEERHSTELSE/I—E8RTS N MW (PSH

[IBVE],=400mM,[DVDEA],=4mM [Et, (AICI, ;],=20mM, [dioxane],=1.2M, in 0°C toluene; [PIVE],,;=400mM or [EVEB],4,=400mM
« Synthesize new monomers with the interactions we want

41/ 4TJ*EE1IEm Ion Ion Innl-erqcnlnlons — THF DCM water acetone toluene | »l;.

conversion (%)

VEB VEB X X -+

ft
R OBHALIFZIEES »NH?;...@% deprotection AFVEIPVAEVE X1 :
Opposites charges attract <

AT OV (IZEBRIMNHDHABARIAT Oy aR)T— ZFE5&., BHFRY S A\
R— R OB TESD > =20 A KN DD NAT RS Halcgen Bondlng
ABA triblock copolymers with a charged A block should allow for NS ) © @

VEB VEB AEVE AEVE 20% wt.

network formation - can form via 2 different mechanisms « Whatis a halogen?

© 0

NOTEEE: N\AT DU IR—ILEEE
F& xﬁ?(ﬁéﬁif—ligiﬁ)d)ﬁﬁfﬁ

* : T Halogen bond: an interaction between
Sma”?nﬁecule =T / - the o-hole of a halogen and an elecfron
rrch atom (oxygen or nitfrogen)

BT BT %%

macromolecule . macromolecule

hFAVESICEYBTLAHLHE/7—

ionic polymers using cationic polymerization :

4 E KFEFBELRFDRHEEDIAS « strength comparable to H-bonding
i O AonIe BRIEFTRRLPIT VN (EFREIEE - easily tunable strength (add electron
N EVEB j NaOH 5eq O EL T T R—ILAKRECLED)  withdrawing groups to grow the o-hole)
5 it > : BKEIRBIZELVNPTLVOKERFS © can use in hydrophobic environments

cationic

i O :
j HoN-NH, 10eq. _ j DMSO  workup FESHM L EIT T EE) (unlike H-bonding-based materials)
@ J:i: .

dioxane/MeOH workup :: :
reflux at 65 °C E€/Y—&R/, monomer synthesis

peaks at:

( >< time 1329, 996, 622
d 401 g/mol
OH  1.NaOH, DMSO AR

24 h

TR —ERE. RRERGITITS post-polymerization deprotection reaction F 70 °C polymerlzatlon \/\

-A7“I:I‘y7l:'E§,Ta"f€—/'sT'd'%>ABAI~'J47 D‘J7:|7I_\U7 %AEZT%T* 2.70 °C K> i 103 102 MW (PSt)
|

DA ETRETLT-
* We Investigated two approaches to synthesize ABA triblock
copolymer synthesis with a charged A block | TRIPEVE

0
Y Y —BEEEEF monofunctional initiator

24
o. O O L
monomer A monomer B monomer A \/\O polymerization
L PRI ® o [ e =
F 48% isolated | | 1

10° 104 103
PIVE4-b-IBVE,,,-b-PIVE, EVEB 5-b-IBVEyb-PIVE,, MW (PSt)

GPC \ : TFIPEVE [TFIPEVE],=1090mM, [IBEA],=4mM,
‘ PIVE [EtAICI,),=4mM, [DO],=1.2M, 0°C in toluene

IBVEasg K&E€/<— alternative monomers

@PIVE,
\x 5 | . ; . EFREIEAHL-
IBVE g : - O\/\/\O/\ . LORIYT—ERL
/ @EVEB, . [Tl {EISTULVELY
k\; F THF, -10°C to rt overnight | F 59% isolated Due to the strong

0 | 20 106 105 10* 10° 102 i T 125 7 250 106 105 10* 10° 102 electron-
time (h) MW (PSt) time (min) MW (PSt) 1. NaH withdrawing

[PIVE],=75mM,[IBEA],=5mM [EtAICI,],=20mM, [dioxane],=1.2M, in DCM at 0°C, [EVEB],=75mM,[IBEA],=5mM [EtAICI,],=20mM, [dioxane],=1.2M, in DCM at 0°C,

F
[IBVE],4=500mM, [PIVE],,,=75mM [IBVE],,;=500mM, [PIVE],=75mM 2. HO\/\ O/\/O\/ i O\/\O/\/O\/ groups, the above

_ . . . epe - polymerization is
—EZFIBF bifunctional initiator F THF, -10°C to rt overnight | F 20% isolated uncontrolled

[TFIPEVE],= 160mM, [IBEA],= 4mM,
[EtAICI,],= 20mM, [DO], = 1.2M, 0°C in toluene

time

h

conversion (%)
8
conversion (%)
($)]
o

0

monomer B monomer A ‘ F

: B % Q {Tﬁ _hb\bd)ﬁﬁn Future Work

DVDEA 0 SRLIZABAR) 4T 0vY7 nvestigate the structures formed
- - .5 . — )T—OBECHEBIEZ®RET TS from the ABA triblock copolymers
LAV 2058 10/5 2/4r4 504" S04 | BRLI=N\OTUEEDE/ Polymerize the halogen-bonding

M, x10%| Time JK | T—%#E8L. ®xVrT—ODR  monomers and research their

(MW/M )| Conv. A | RIS network formation
ooy || 9% (1 19502 T34 50) ¢ (11.006)3"'589@!” | RRLIZBSFRIY—FRuk - Investigate the self-healing
Y T — J—O0OBC2REZRETTSH oroperties of networks formed

[IBVE],=1000 or 400mM,[DVDEA],= 4 or 5mM [LA],=20, 10 or 5mM, [dioxane],=1.2M, in toluene at 0°C




