Despite the development of techniques for controlled polymerization possessing high
functional group tolerances such as RAFT and ATRP, some functional groups remain
inaccessible by direct polymerization of a functional monomer (i.e. polymers with
pendant thiols). PPM can also be used to preserve latent functionality until the desired
reaction time, avoid costly or challenging monomer synthesis, and provide multiple
reaction sites per monomer unit. Efficient or “click” chemistries are useful for PPM
strategies due to near quantitative conversions as well as the ease with which they are
applied. Additionally, by incorporation of two or more reactive moieties on the same
polymer scaffold, new strategies that allow for orthogonal,>® sequential,>® ®° or cascade
transformations®! have been achieved for the synthesis of multifunctional materials.
These features make PPM strategies, especially those with mild, simple, and efficient
chemistries, a powerful tool to access functional materials. Approaches that address
synthesis of functional polymers via PPM of RDRP and SI-ATRP scaffolds will be

discussed in the following sections.

% i % Bifunctional reagents

Section 2. Reaction with active esters
Section 3. Reaction with anhydrides, isocyanates
oxazolones, and epoxides

Section 4. Michael-type addition
'_O éfomngﬁgzgzm Section 5. Thiol exchange
POy Section 6. Radical thiol addition

Section 7. Atom transfer radical addition

Section 8. Reaction with aldehydes and ketones

Section 9. Huisgen 1,3-dipolar cycloaddition

Section 10. Pd-catalyzed (cross-jcoupling reactions
L4

A

Monomer bearing a Polymer precursor bearing Post-polymerization modification
chemoselective handle chemoselective handles

Functional polymers

Scheme 1.5 Post-polymerization modification process (reproduced from ref. 62 with
permission).
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Other applications of hydrazone bonds in materials include self-healing,%*
bioconjugation and controlled release,®: % 102 105 1175ctyation,%® and dynamic
nanoparticle and network strategies.10% 104 108,118 n addition to solution or network
polymer motifs, hydrazones have been used in functional surface applications like

molecular recognition and cell-attachment motifs, 1% 119

Isomerization Nucleophilic
Molecular switches and cation sensing,
machines metal coordination

R K N_** _R
1\?4 ‘\I/ 3
Rz H’\
( Acidic
H-bonding, anion and cation
sensing, metal coordination

[Nucleophilic and
Electrophilic
anion sensing

Scheme 1.11 Chemical features and related functions of the hydrazone bond (reproduced
from ref. 106 with permission).

The structure of the hydrazide as well as the carbonyl moiety influences the rate
of bond formation and cleavage and can be used to tune reaction kinetics, with electron-
donating functional groups leading to faster hydrazone bond formation and increased
bond stability.!*® Reaction rates are further controlled by the addition of aniline as a
catalyst for hydrazone bond formation and exchange.'® 12° Effort has been put forth to
find alternatives to aniline that provide faster catalysis and/or are more biocompatible. 4-
Aminophenylalanine has been shown to perform comparably to aniline and catalysts
based on anthranilic acids and 3,5-diaminobenzoic acid significantly improve upon
aniline catalysis.'?* The versatility of rate control and hydrazone reactions features make

these linkages ideal for designing dynamic, controlled polymer architectures.
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In one of the few examples of ambient temperature chemical deblocking of isocyanates
for polymer postmodification, Penelle et al.3* demonstrated the synthesis of a water-
soluble ionic poly(methacrylate) containing pendent isocyanates blocked with sodium 4-
hydroxybenzenesulfonate. The electron-withdrawing sulfonate group on the phenol
served to activate the blocked adduct towards displacement by an amine; however the
modification reaction was slow (requiring 72 h) and the polymer product exhibited poor
solubility. With interest in fully exploiting ambient temperature deblocking for PPM
processes, we turned our attention to azole-N-carboxamides — blocked isocyanate
analogues that have been used extensively as acyl transfer reagents.®3" Azole-N-
carboxamides offer a wide spectrum of reactivity in nucleophilic reactions, where
reactivity depends on the number and location of nitrogen atom in the azole ring.%
Imidazole-N-carboxamides, and the more reactive 1,2,4-triazole-N-carboxamides, are
particularly activated towards nucleophilic reactions with amines and thiols to give ureas
and thiocarbamates, respectively, in high yield at ambient temperatures.®” %! These
characteristics make azole-N-carboxamides ideal candidates as blocked isocyanates for
the development of a modular PPM platform under mild conditions.

In this work, we aim to significantly broaden the utility of blocked isocyanate
chemistry for postmodification processes by employing azole-N-carboxamides as
polymer pendent groups. This strategy will reduce the temperature range required to
facilitate the isocyanate deblocking process in the presence of nucleophilic modifiers.
Herein, we report the synthesis of well-defined N-heterocycle-blocked isocyanate
polymer scaffolds via room temperature RAFT polymerization and successfully
demonstrate post-polymerization modification of these scaffolds with thiols and amines
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at ambient temperatures. N-heterocyclic blocking agents — including 3,5-dimethyl
pyrazole, imidazole, and 1,2,4-triazole, incorporated as pendent moieties along the
polymer backbone, were chemically deblocked with thiols using 1,8-
diazabicyclo[5.4.0]undec-7-ene (DBU) as a catalyst. We further exploit differences in
reactivity of pyrazole- and triazole-blocked adducts in a copolymer as a facile route to
multifunctional polymers via sequential post-polymerization modification reactions.
Notably, the current work brings blocked isocyanate chemistry into an enabling

temperature range for efficient polymer modification strategies.
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Scheme 3.1 (a) Elimination-addition and (b) addition-elimination mechanisms for
deblocking blocked isocyanates.

3.2 Results and Discussion
3.2.1 Monomer and Model Blocked NCOs: Synthesis and Stability

In order to investigate polymer pendent blocked isocyanates as scaffolds for
ambient temperature post-polymerization modification with thiols, three isocyanatoethyl
methacrylate monomers blocked with a series of N-heterocycles were synthesized
(Scheme 3.2a) including NCOP (pyrazole blocked), NCOI (imidazole blocked), and

NCOT (triazole blocked). NCOP was commercially available. The one-step monomer
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reactions were carried out in diethyl ether or a 2:1 (v:v) mixture of diethyl ether-THF at
room temperature for 1-3 h. Both imidazole and 1,2,4-triazole monomers precipitated
readily as stable crystalline solids, and were easily isolated in high yields (76-96%) by
isolation via vacuum filtration.
(a) diethyl (0]
)\n’o\/\NCO + e _.._m )\WO\/\N
o H

o
NCOT, I, P

diethyl
(b) o 0 o]

ether
/\O/U\/\Nco + ° _— /\OJK/\NJJ\G
H

mNCOT, I, P

N N
Q- ' Wl ™
\=N \=N

-

(M U] (P)

Scheme 3.2 Synthetic routes to (a) blocked NCO monomers and (b) model blocked NCO
analogues.

A primary advantage of employing blocked NCO monomers for synthesis of
functional polymer scaffolds as compared to free isocyanate analogues lies in the
significant enhancement in hydrolytic stability of blocked NCOs. Figure 3.1 shows the
hydrolytic degradation kinetics for NCOP, NCOI, NCOT, and the unprotected
isocyanatoethyl methacrylate (IEM) in DMSO-ds containing 1% D-O at 20 °C. NCOP
showed the highest hydrolytic stability with less than 3% hydrolysis observed after 120 h.
NCOI and NCOT were also quite stable and showed < 5% and ~13% hydrolysis at 12
and 120 h, respectively. In stark contrast, the unblocked IEM underwent ~20%

hydrolysis after 1 h, and approached 90% hydrolysis at 12 h.
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degradation of IMET during polymerization of MAH at 40 °C as illustrated in Scheme
4.3b. At low pH, the acid equilibrium (Scheme Xa) is shifted in favor of protonated
hydrazides, however, when deprotonation of the terminal hydrazide does occur, it can
adopt a favorable conformation to react with the thiocarbonyl of the CTA six atoms away
with a high collision frequency (Scheme 4.3b). In fact, Abel and coworkers recently
reported a similar result in the RAFT polymerization of N-arylmethacrylamides.®! To
combat the issue of trithiocarbonate chain-end degradation, we next synthesized MAEH,
an analogue of MAH that positions the acyl hydrazide further from the methacrylamide
backbone (Scheme 4.3d). As shown in Scheme 4.3c, intramolecular nucleophilic attack
of the trithiocarbonate chain-end by the hydrazide group of the terminal MAEH monomer

is unlikely due to the unfavorable formation of a 10-atom cyclic product.
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Scheme 4.3 (a) Acid equilibrium of MAH monomer and polymer, (b) proposed
mechanisms for inter- and intramolecular monomer-induced trithiocarbonate chain-end
degradation, (c) unfavorable intramolecular aminolysis via MAEH, and (d) synthetic
route to MAEH.

The influence of MAEH on trithiocarbonate degradation was again investigated
using UV-Vis spectroscopy. A plot of the [TTC]/[TTC]o vs. time for ImET at 40° C in
the presence of 1 M HCI with VA-044, MAEH, and finally ImET plus MAEH and VA-
044 is shown in Figure 4.2b. When MAEH is substituted as the monomer, no
trithiocarbonate degradation is observed under the conditions representative of a
polymerization (Figure 4.2b, green V) unlike the case with MAH. This result supports
our hypothesis that trithiocarbonate chain-end degradation during the polymerization of
MAMH is due to intramolecular attack of the trithiocarbonate by the hydrazide group of the

terminal monomer unit and that adding an ethyl spacer between methacrylamide and acyl
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hydrazide functional groups places the terminal hydrazide group in an unfavorable
position to react with CTA.
4.2.4 Low pH aRAFT Polymerization of MAEH

In contrast to aRAFT polymerization of MAH, controlled polymerization
behavior was achieved in the IMET-mediated low pH aRAFT polymerization of MAEH.
MAEH was polymerized at 40° C in 1 M HCI with VA-044 as the initiator (Figure Xa,
inset). A [CTAJo:[I]o = 1:0.25 was originally used for MAEH, but SEC traces were
slightly narrower at [CTA]o:[I]o = 1:0.20 and this ratio was subsequently used instead in
aRAFT polymerizations of MAEH.

The SEC Rl traces in Figure 4.3a are narrow, symmetrical, and shift to lower
elution volumes with polymerization time without low molecular weight tailing. These
results contrast with those obtained for the IMET-mediated polymerization of MAH
(Figure 4.3a) indicating the absence of trithiocarbonate chain-end degradation.
Dispersities, shown in Figure 4.3b, also remain low (Bm < 1.08) throughout the
polymerization of MAEH demonstrating improved “living” chain-end retention. The
SEC traces and dispersity data agree with the results in the previous section that suggest
the CTA is stable during low pH aRAFT polymerization of MAEH. The pseudo-first-
order kinetic plot in Figure 4.3c and the My, vs. conversion plot (Figure 4.3b) are both

linear as expected.
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Figure 4.3 (a) SEC traces for polymerization kinetics of MAEH and inset scheme of low
pH aRAFT polymerization of MAEH, (b) dispersities and M vs. conversion plot, and (c)

pseudo-first order kinetic plot for aRAFT polymerization of MAEH in 1 M HCI with
VA-044 and ImET at 40°C.

The conversion, molecular weight, and dispersity data for aRAFT polymerization
of MAH and MAEH are summarized in Table 4.1. My exp Values measured for
polymerization of MAEH (entry 2a-2c) are in better agreement with M theory Values as
compared to the greater discrepancy in Mnexp and M theory Values obtained during the

aRAFT polymerization of MAH (entryla-1c).
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Table 4.1
Conversion, molecular weight, and dispersity data for the aRAFT polymerization of

MAH and MAEH in 1 M HCl at 40°C.2

Conv® [M]o M theory M exp®

Entry Monomer t(min) (%) (mol/L)  (g/mol)  (g/mol) Pme
la MAH 180 24.9 1 8800 15 700 1.25
1b MAH 360 55.0 19 000 24 100 1.24
1c MAH 600 711 24 600 31600 1.27
2a MAEH 180 10.3 1 5600 8900 1.06
2b MAEH 360 20.2 10 800 13 600 1.05
2c MAEH 600 38.2 20100 21 300 1.05

2 MAH and MAEH were polymerized at 40° C in 1 M HCI ([M]o:[CTA]o:[1]o = 250:1:0.2 for MAH or [M]o:[CTA]e:[1]o = 1:0.20 for
MAEH) using VA-044 as the initiator. ®Conversions were determined by *H NMR spectroscopy. °As determined by SEC-MALLS

(0.4% (v/v) TFA and 0.1M NaNOj in water).

MAEH polymers were also chain-extended to confirm chain-end fidelity.
Retention of RAFT chain-ends is important for block copolymer applications and also
signifies that the CTA is not degraded during the polymerization. A MAEH macro-CTA
was synthesized and chain-extended with additional MAEH monomer. The SEC traces

of pMAEH before and after chain extension are shown in Figure 4.4.
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Figure 4.4 SEC traces for pMAEH before (Mn = 17,600 g/mol, Bm= 1.06) (black) and
after (Mn = 22,600 g/mol, Bm = 1.04) (red) chain extension.

The SEC trace for the macro-CTA was narrow and symmetrical with a molecular
weight of 17,600 g/mol and Bm = 1.06. After chain-extension the SEC trace shifts to a
lower elution volume with a molecular weight of 22,600 g/mol and By = 1.04. The SEC
trace of the chain extension remains narrow with no low molecular weight tailing that
points to a low amount of dead chains throughout polymerization and purification. It
should be noted that purification of the macro-CTA was achieved by precipitating in
isopropanol two times, redissolving in 1M HCI between precipitations, and then
lyophilizing from 1M HCI. The 1M HCI prevented hydrolysis of the CTA. The
controlled polymerization of MAEH by ImET-mediated, low pH aRAFT polymerization
demonstrated herein is significant as is it is, to our knowledge, the first example of
successful RDRP of unprotected acyl-hydrazide containing monomer and the first

example of aqueous RAFT polymerization at pH = 0.
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4.2.5 Low pH aRAFT Polymerization of 4-Vinylimidazole.

In this section, we discuss the low pH aRAFT polymerization of 4VIM with
ImET and VA-044 shown in Figure 4.5a, inset. Because 4VIM is not protonated prior to
polymerization, HCI is required both to generate the hydrochloride salt of the imidazole
groups and lower the pH sufficiently to maintain protonation. Two different
concentrations of HCI, 1.25 M and 2 M, were investigated as the polymerization solvent.
When the kinetics of the low pH aRAFT polymerization in 2 M HCI indicated excellent
polymerization control (Figure B.2), 1.25 M HCI was investigated as a polymerization
solvent to reduce the amount of acid required for controlled aqueous polymerization of
4VIM (Figure 4.5). Conversion, molecular weight, and dispersity data for 4VIM aRAFT
polymerization Kkinetics in both 2 M and 1.25 M HCI at [M]o:[CTA]o:[I]o = 250:1:0.2 are
summarized in Table 4.2.
Table 4.2
Conversion, molecular weight, and dispersity data for aBRAFT polymerization of 4VIM at

40°Cin2Mand 1.25 M HCI .2

Convb [M]O M theory M exp®

Entry Solvent t (min) (%) (moliL)  (g/mol)  (g/mol) bwm®
la 2 M HCI 180 514 1 12400 14700 1.02
1b 360 72.4 17300 21400 1.02
1c 600 90.2 21500 25600 1.10
2a 1.25 M HCI 180 30.4 1 7400 10 500 1.04
2b 360 58.8 14100 16700 1.07
2C 600 75.2 18000 19800 1.09

24VIM monomers were polymerized at 40° C in 1.25 or 2 M HCI ([M]o:[CTA]o:[1]o = 250:1:0.2) using VA-044 as the initiator.
Conversions were determined by *H NMR spectroscopy. °As determined by SEC-MALLS (0.2% (v/v) TFA and 0.2 M NaCl in

water).
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Figure 4.5 (a) SEC traces for polymerization kinetics of 4VIM and inset scheme of low
pH aRAFT polymerization of 4VIM, (b) dispersities and M, vs. conversion plot, and (c)

pseudo-first order kinetic plot for aRAFT polymerization of 4VIM in 1.25 M HCI with
VA-044 and ImET at 40°C.

A linear My vs. conversion plot and pseudo-first-order kinetic plot were obtained
for the aRAFT polymerizations of 4VIM in 1.25 M HCI as shown in Figure 4.5b and
4.5c¢, respectively. Polymerization of 4VIM in 2 M HCI (Table 2, entry 1a-1c) affords
polymers of low dispersities (Bm < 1.03) for the majority of the polymerization and only
reaches Bm = 1.1 at 90% conversion. The increased Dwm at high (90%) conversion is
likely due to a substantial decrease in the rate of propagation relative to the rate of
termination (Table 4.2, entry 1¢). While the polymerization of 4VIM in 1.25 M HCI
reaches lower conversions than in 2 M HCI, polymerizations under both conditions

obtain reasonable molecular weights determined by SEC-MALLS that agree well with
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the theoretical molecular weights calculated based upon conversion. Shown in Table 4.2,
entry 2a-2c, polymerization of 4VIM in 1.25 M HCI also maintains low dispersities (Bwm
< 1.09) throughout the polymerization. Figure 4.5a shows the SEC chromatogram
overlays for the ImET-mediated polymerization of 4VIM in 1.25 M HCI. The
symmetrical peak shapes that shift to lower elution volumes as the polymerization time
increases without low molecular weight tailing are indicative of high thiocarbonylthio
chain-end retention. It is also worth noting that the terminal monomer unit in growing
p4VIM chains has the potential, as with MAH, to react intramolecularly with the CTA to
cause aminolysis due to a favorable orientation of the ultimate heterocyclic 4VIM
nitrogen relative to the thiocarbonyl of the CTA. However, the linear Mn vs. conversion
plots, low dispersities, and narrow and symmetric SEC chromatograms indicate that there
is no significant CTA degradation due to intramolecular aminolysis.

Additional evidence of high “living” chain-end retention was provided by chain-
extending a p4VIM macro-CTA using low pH aRAFT conditions (Figure 4.6). A p4VIM
macro-CTA was chain-extended to demonstrate high polymer chain-end fidelity when
using low pH aRAFT polymerization and its applicability towards block copolymer
formation. The SEC traces for the parent polymer and chain-extended polymer are

shown in Figure 4.6.
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Figure 5.1 gATR-FTIR spectroscopy of (a) HEMA brushes on silicon substrates grown
by SI-ATRP, (b) pHEMA brushes after modification with 4-nitrophenyl chloroformate
(PHEMA-NPC), and (c) pHEMA-NPC brushes after modification with hydrazine hydrate
(PHEMA-HYy).
5.2.2 Hydrazone Formation on Brush Surfaces

After successfully synthesizing hydrazide functional brushes, formation and
cleavage reactions of pH-responsive hydrazone linkages were investigated. General
hydrazone formation on brush surfaces is shown in Scheme 5.2 as well as selected
aldehydes used for formation reactions and exchange reactions, discussed further in the
following section. Aldehydes were selected rather than ketones for investigating

hydrazone reactions due to their greater reactivity towards hydrazides and subsequent

generation of more stable hydrazone linkages.*’
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Scheme 5.2 Route to hydrazone formation with various aldehydes.

Hydrazone formation reactions were carried out by placing a silicon substrate
with HEMA-hydrazide brushes in a test tube containing methanol or THF (depending on
the solubility of the aldehyde modifier) and aldehyde modifier (0.1 M). gATR-FTIR
spectroscopy was used to determine the presence of new hydrazone bonds after
modification with aldehydes denoted Ald1-Ald5 (Figure 5.2). IR bands representative of
each aldehyde modifier are labeled in Figure 5.2 to highlight the success of each
formation reaction. Changes in brush thickness with hydrazone formation were also
monitored and are summarized in Table 5.1. Both IR and thickness measurements are

indicative of successful hydrazone formations with aliphatic and aryl aldehyde modifiers.
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Figure 5.2 gATR-FTIR spectra of a (a) hydrazide-brush surface and hydrazone formation
after reaction with (b) Ald1, (c) Ald2, (d) Ald3, (e) Ald4, and (f) Ald5.

Table 5.1
Thickness measurements of hydrazide functional brush surfaces before and after

hydrazone formation with Ald1-Ald5.

Thickness Thickness
Modifier (before) (after)
(nm) (nm)
Aldl 53.34 +2.64 82.70 +3.34
Ald2 50.89 + 1.07 70.93 + 1.51
Ald3 75.25 +£1.30 101.67 £ 1.65
Ald4 26.49 + 0.35 30.27 £0.43
Ald5 26.49 + 0.35 3431 +0.58
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As an example of the reversibility of hydrazone brush surfaces back to original
hydrazide functional groups, a hydrazone brush surface modified with decanal was
treated with TFA (1 M) in a mixture of THF and methanol (5:1, v:v) to achieve an acidic
environment and trigger reversal of the hydrazone bonds. The reverse reaction was
monitored with static water contact angle (WCA) (Figure 5.3). The WCA for an
unmodified hydrazide-functional polymer brush surface is 62.6° £ 1.9 (Figure 5.3a),
which increased to 81.0° + 1.8 after modification with decanal (Figure 5.3b) as the
hydrophobic content on the surfaces increased. The WCA decreased back to 63.4° + 1.4
(Figure 5.3c) after reversal of the hydrazone bonds with TFA (1 M) to the original
hydrazide-functional groups. The final WCA is within 1° of the initial value for a
hydrazide-functional brush suggesting nearly complete reversal of the hydrazone bonds

was achieved.

a.) Hydrazide brush b.) with decanal c.) after TFA

81.0°+1.8

62.6°+1.9 63.4°+14

Figure 5.3 Static water contact angles of (a) a hydrazide-functional brush surface (b) after
hydrazone formation with decanal (c) and hydrazone cleavage with TFA to regenerate
hydrazide-functional polymer brushes.

To ensure that thickness changes are primarily a result of polymer modification
and that unmodified brushes are stable in TFA (1 M), a control experiment was
performed where a hydrazide brush surface was submerged in TFA (1 M) and THF for 2
h. The initial HEMA-hydrazide brush had a thickness of 23.92 nm + 0.69 nm. After 2 h
in solvent with acid present, the final brush thickness was determined to be 23.49 nm +
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0.38 nm by ellipsometry. This result shows that there was not a significant contribution
to brush thickness from solvent swelling. Additionally, no decrease in thickness was
observed that would indicate degradation of the polymer brushes in the presence of TFA.
5.2.3 Dynamic Surface Modification via Hydrazone Exchange Reactions

After determining successful hydrazone formation conditions, we next sought to
employ hydrazone exchange reactions to dynamically change surface chemistry for
control of surface properties and functions. The established equilibrium during
hydrazone formation also allows exchange, or transimination, reactions to be driven
towards the desired hydrazone product by addition of an excess of the new aldehyde to be
exchanged. A large excess of aldehyde is simple to achieve in our case due to the
inherently low concentration of polymers attached to surfaces in ultrathin films
established by SIP techniques. In addition to establishing conditions for hydrazone
exchange, we examined the ability of these exchange reaction on brush surfaces to
perform over multiple cycles. A general representation of hydrazone exchange on brush
surfaces is shown in Scheme 5.3.

Hydrazone Formation

(o] (o] pH (o]
.")LNHNH2+ Rp\o —= M -N=RP

o H (o] H R (0] H R
HyC O’VO}rN‘NHz HyC O’VOWN‘N'J\O HyC O/VOWN.N/)\:I
o (o) o
0, (0]
R K' Rmk' _)_>

<7_0 ‘7_0 Dynamic
oK Q4 Hydrazone

Exchange
Q Mﬂ"s CHs g

Hydrazide Hydrazone A Hydrazone B
Polymer Brush Polymer Brush Polymer Brush

Scheme 5.3 Dynamic surface modification via hydrazone exchange.
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Hydrazone exchange reactions over multiple cycles were first monitored by x-ray
photoelectron spectroscopy (XPS). For each exchange reaction, a hydrazone brush
surface was submerged in test tube containing a 5:1 mixture of THF and methanol with 1
M TFA, 0.1 M aldehyde modifier, and 10 mM aniline as a catalyst. These exchange
reactions were carried out overnight at room temperature. XPS was then used to monitor
change in elemental content on the brush surfaces as exchange reactions progressed
between decanal, 4-fluorobenzaldehyde, 4-chlorobenzaldehyde, and 4-
bromobenzaldehyde. Starting with a decanal-modified hydrazone brush surface, the XPS
spectrum in Figure 5.4a reveals peaks at 285, 401, and 533 eV that are representative of
the carbon, nitrogen, and oxygen character, respectively. When exchanging decanal for
4-fluorobenzaldehyde, a peak appeared at 687 eV corresponding to the fluorine atom in
4-fluorobenzaldehyde indicating that exchange was successful (Figure 5.4b). 4-
fluorobenzaldehyde was then exchanged with 4-chlorobenzaldehyde which was reflected
in the XPS spectrum (Figure 5.4c) by the disappearance of the fluorine peak at 687 eV
and the appearance of chlorine peaks at 201 eV and 271 eV. The same trend was seen as
4-chlorobenzaldehyde was exchanged for 4-bromobenzaldehyde and the chlorine peaks
at 200 and 280 eV disappeared to be replaced by bromine peaks at 71 eV, 184 eV, and
258 eV for 4-bromobenzaldehyde (Figure 5.4d). These results illustrate that exchange

reactions can be readily employed over multiple cycles.
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Figure 5.4 Survey XPS spectra of the dynamic exchange of aldehydes with pHEMA-

hydrazone brushes. (a) hydrazone formation with Ald1, (b) hydrazone exchange of Ald1
with Ald5, (c) exchange of Ald5 with Ald6, (d) exchange of Ald6 with Ald7.

After confirming successful exchange reactions by XPS, we investigated the
hydrazone exchange as a means to change surface wettability in a reversible fashion.
Wettability was selected as a surface property to monitor due to the ability to readily
observe the influence of changing surface chemistry on surface properties. By switching
surface functionality between a hydrophobic aldehyde, decanal, and a hydrophilic
aldehyde, 2,4-dihydroxybenzaldehyde, we demonstrated the capacity to reversibly
control surface properties over multiple cycles. HEMA-hydrazide brushes on a silicon
substrate were modified with decanal and then exchanged with 2,4-
dihidroxybenzaldehyde (Scheme 5.4). 1 M TFA and 10 mM aniline were used to carry
out hydrazone exchange reactions. Additionally, the reaction test tubes with substrates
were heated to 40 °C for 3 h before allowing exchange reactions to proceed at room
temperature overnight aid to aid in aldehyde exchange. Three exchange cycles were

performed and monitored by gATR-FTIR spectroscopy, ellipsometry, and WCA. The
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Figure B.6 (a) *H NMR and (b) *3C NMR spectra of 4-vinylimidazole (4VIM, 9).
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Figure B.7 *H NMR of pMAH.
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Figure B.8 *H NMR of pMAEH.
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