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The Polymer Age

Polymer production by volume passed iron in 1970s

60% of industrial chemists work on polymers in some form.

The most versatile class of materials on earth?

Chain Length

Identity of “R”™ = type of polymer Relative positions of “R”



Structure-based Design

Stereochemistry: How are bonds oriented in space?

atactic polypropylene

Isotactic polypropylene
50 million tons produced annually






Structure-based Design

Polymer Architecture: What shape is a macromolecule?
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Empty Space Creates Opportunity
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Frustrated Packing

Design Criteria
Rigid building blocks...
...0r contain voids or non-complementary shapes
Irreversible reactions

Little or no reorganization of the final structure
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Crosslinked CD Polymer Synthesis
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Model Reactions
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) CN CN

BUOH mono 1,2-di 1,3-di 1,4-di
2.3 65% 4% 10% 21%
4.0 24% 8% 23% 45%

CN P-CDP and NP-CDP are
K2CO3 /THF> F 0 linked mostly through

. o~ disubstituted
N terephthalonitriles
Unclear if 2 —-OH groups are

K,CO; | THF capped or connected

P complex mixture

Linkages in polymer will be
determined by SS NMR.



P-CDP

cm?/g STP

Sger =263 m?/g

N, Adsorptlon (77 K)

0 02 04 06 08 1
PIP,

Cyclodextrin Polymers

Epichlorohydrin (EPI-CDP) <10 m?/g
Non-porous CD (NP-CDP) <10 m?/g
Porous CD (P-CDP) 263 m?/g

Activated Carbons

Brita Filter (Brita-AC) 502 m?/g
Granulated AC (GAC) 612 m?/g
Norit RO 0.8 AC (NAC) 984 m2/g

15

Brita Filter (Brita-AC)

Porous CD (P-CDP)

20 25 30 35 40 45 50 55
pore diameter (angstroms)

geometrlc area: ~0.01 m?



Bisphenol A Uptake
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2"d Order Binding Model : :
| K.ps: Figure of merit for how

t t 1 quickly an adsorbant

q; - q. i k,,.q> establishes equilibrium

2"d order binding model: Y. S. Ho; G. McKay Process Biochem. 1999, 34, 451-465.



Bisphenol A Uptake
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Bisphenol A Uptake

Adsorbent @ ?nZAllsﬁ??ll)
Brita AC 0.009
GAC 0.05
NAC 0.09
EPI-CDP 0.03
NP-CDP 0.1
P-CDP 1.5
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Time (min)

2"d Order Binding Model : :
| K.ps: Figure of merit for how

t t 1 quickly an adsorbant

q; - q. i k,,.q> establishes equilibrium

2"d order binding model: Y. S. Ho; G. McKay Process Biochem. 1999, 34, 451-465.



Thermodynamics of BPA Binding

Langmuir Model of Adsorption

1 _ 1 + 1 1 Q;: mg/g adsorbed
Q; Quax Q. -K C Q. Mg/g maximum adsorption capacity

Prog. Polym. Sci. 2013, 38, 344
J. Incl. Phenom. Macrocycl. Chem. 2004, 50, 115
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‘;Ea :::: y = 0.0002x + 0.0113
& na S0 37663 Literature: highest 84 mg/g
zz: | 1:1 complex of CD/BPA
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Regenerating the Polymer
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P-CDP Cycle

BPA recovered by washing P-CDP with alcohol solvents at room temperature

Spent activated carbon is usually re-activated at 500-900 °C with loss of performance



Emerging Organic Micropollutants

Survey of 50 the largest wastewater treatment plants in the United States
(each 15,000,000-660,000,000 gallons / day)
These plants process 6B gallons / day from 46M people (17% of US wastewater)
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50/50 23/ 49 44 [ 50
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H
OH /N
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Anti-inflloammatory . BUT . Cl
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Kostich, M. S.; Batt, A. L.; Lazorchak, J. M. Environ. Pollut. 2014, 184, 354. Max 71 ng/L =70 % Cp'asma
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Ecological Concern for Bioactive Compounds

Ethinyl estradiol (EE2) Fathead Minnow: Male Feminization
Contraception

HO
5 ng/L over 3 years

Experimental Lake Area

Ontario, Canada

K. A. Kidd, P. J. Blanchfield, K. H. Mills, V. P. Palace, R. E. Evans, J. M. Lazorchak, R. W. Flick PNAS 2007, 104, 8897.



Other pollutants

. [
romatic Mmodeils /Inaustrial intermediaies Agrlculture
OH NH, OCH3
Cl OH
Cl
o
Cl
2.4-Dichlorophenol 2-Naphthol 1-Naphthyl amine Metolachlor
Carcinogen Model for Naphthols Carcinogen Leading pesticide
Model for Naphthyl amine pollutants

Plastic Industry

Medical
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Ethinyl estradiol Propranolol hydrochloride
Birth control medication Blood pressure medication
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Lower Concentration / Pollutant Mixture

NH, OH
Cl
2-Naphthol 1-Naphthyl amine 2,4-Dichlorophenol
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Instant Uptake of a Pollutant Mixture
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Structural Variation

Mixtures of CDs

Alternative crosslinkers
CYCIOPUI“G Inc. Varied Functional Forms

U.S. Patent Application No. 62/149,975

A. Alsbaiee, B. J. Smith, L. Xiao, Y. Ling, D. E. Helbling, W. R. Dichtel, “Rapid Removal of Organic
Contaminants from Water by a Porous (3-Cyclodextrin Polymer” Nature, 2016, 529, 190.
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1993 Mumbai bombings 2009 failed airline
(13 explosions using bombing plot
RDX) (PETN was not detected) (using 2 bottles

containing RDX)

Failed 2000 plot to
bomb LAX airport

There are an estimated 100 million landmines buried
around the world and one person is injured or killed
by a landmine every 22 minutes.
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Conentration of Explosive Molecules in A

Challenges: Low Volatility Explosives
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Department of Defense, USA



Polymer Network for Explosives Detection
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Response to Explosives

Introduced as a solution Introduced as vapor
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all explosives cause appreciable quenching in vapor phase



Signal Amplification

QUENCHED

Proposed Systems: high surface area, maximum sensitivity



The Spectacular Properties of Porous Polymers [ A€

We realize outstanding and useful properties and
functions by designing pores at the size scale of
molecules and ions
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