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  materials	
  for	
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  recycling†	
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  S.	
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  G.	
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  Gregory	
  G.	
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  and	
  Scott	
  T.	
  Phillips*

This	
   communication	
   addresses	
   the	
   question	
   of	
   whether	
   it	
   is	
  
possible	
  to	
  design	
  a	
  polymer	
  that	
  can	
  be	
  modified	
  easily	
  to	
  create	
  
various	
   traditional	
   classes	
   of	
   polymeric	
   materials	
   while	
   also	
  
incorporating	
  a	
  mechanism	
  into	
  the	
  backbone	
  of	
  the	
  polymer	
  for	
  
facilitating	
  selective	
  end-­‐of-­‐life	
  recycling	
  capabilities	
  into	
  the	
  new	
  
types	
   of	
   materials.	
   We	
   illustrate	
   these	
   capabilities	
   using	
  
depolymerizable	
   poly(benzyl	
   ethers),	
  which	
  we	
  modify	
   to	
   access	
  
desired	
   properties	
   in	
   plastics.	
   The	
   poly(benzyl	
   ethers)	
   also	
   are	
  
designed	
   for	
   selective,	
   programmed,	
   room	
   temperature,	
   and	
  
continuous	
   depolymerization	
   of	
   plastics	
   to	
   monomers	
   when	
   the	
  
plastic	
  is	
  no	
  longer	
  needed.	
  	
  

Efficient	
   and	
   routine	
   chemical	
   recycling	
   of	
   post-­‐consumer	
  
plastics	
   is	
   a	
  major	
   unrealized	
   goal.	
   In	
   the	
  United	
   States,	
   only	
  
8.8%	
   of	
   plastic	
   from	
   municipal	
   waste	
   is	
   recycled.1	
   Another	
  
10.6%	
   is	
   incinerated	
   to	
   generate	
  energy,	
  while	
   the	
   remaining	
  
material	
   is	
   buried	
   in	
   landfills.1	
   The	
   recycled	
   plastic—such	
   as	
  
expanded	
   poly(styrene)	
   or	
   poly(ethylene	
   terephthalate)—is	
  
processed	
  by	
  mechanical	
  compaction,	
  grinding,	
  and	
  melting	
  to	
  
create	
   lower	
   quality	
   plastic	
   containing	
   polymers	
   (often	
   of	
  
shorter	
   lengths)	
   as	
   well	
   as	
   various	
   impurities	
   such	
   as	
   dyes,	
  
plasticizers,	
   and	
   absorbed	
   organics	
   (particularly	
   when	
   the	
  
original	
  plastic	
  contained	
  food).	
  
	
   Pyrolysis,	
   catalyzed	
   hydrolysis,	
   and	
   various	
   nucleophilic	
  
substitution	
  reactions	
  have	
  been	
  explored	
  on	
  laboratory	
  scales	
  
for	
   chemical	
   recycling	
   of	
   select	
   plastics	
   by	
   converting	
   them	
  
into	
  monomers	
   and	
   other	
   small	
  molecules.2,3	
   These	
  methods	
  
often	
  are	
  limited,	
  however,	
  due	
  to	
  high	
  temperatures	
  involved	
  
in	
  the	
  processes,	
  the	
  waste	
  products	
  that	
  are	
  generated,	
  or	
  the	
  
inherent	
  instability	
  of	
  the	
  polymers	
  in	
  the	
  presence	
  of	
  water.3c	
  
For	
  traditional	
  plastics,	
  low	
  recovery	
  rates	
  of	
  useful	
  monomers	
  
or	
   small	
   molecules	
   also	
   often	
   limit	
   chemical	
   recycling	
   to	
  
laboratory-­‐scale	
  efforts.3	
  

	
   Other	
  alternative	
  methods	
   for	
   recycling	
  plastics	
   include	
   (i)	
  

designing	
   new	
   separation	
   techniques	
   for	
   purifying	
   solid	
  
plastics	
  with	
  different	
   chemical	
   compositions,5	
   or	
   (ii)	
   creating	
  
new	
  polymers	
   that	
   are	
   purposely	
   designed	
   to	
   revert	
   to	
   small	
  
molecules	
   under	
   appropriate	
   conditions.	
   This	
   latter	
   approach	
  
typically	
  is	
  based	
  on	
  polymers	
  that	
  convert	
  to	
  small	
  molecules	
  
based	
  on	
  dynamic	
  covalent3,6	
  and	
  non-­‐covalent	
  bonds,7	
  where	
  
temperature,	
  concentration,	
  and/or	
  water	
  are	
  used	
  to	
  control	
  
the	
  equilibrium	
  between	
  polymerization	
  and	
  degradation.	
  
	
   A	
   complimentary,	
   but	
   distinctly	
   different	
   approach	
   is	
  
described	
   in	
   Fig.	
   1a.	
   We	
   use	
   newly	
   designed,	
   low-­‐ceiling-­‐
temperature	
   polymers	
   (poly(benzyl	
   ethers)	
   in	
   this	
   work)	
   not	
  
only	
  to	
  yield	
  a	
  desired	
  property	
  in	
  a	
  plastic,	
  but	
  also	
  to	
  enable	
  
depolymerization	
   into	
  monomers	
   at	
   room	
   temperature	
   (e.g.,	
  
23	
   °C)	
   exactly	
   when	
   desired	
   based	
   on	
   exposure	
   of	
   the	
  
polymers	
   to	
   a	
   specific	
   chemical	
   signal	
   that	
   would	
   not	
   be	
  
encountered	
   in	
   normal	
   use.	
   This	
   selective	
   depolymerisation	
  
reaction	
   converts	
   a	
   desired	
   polymer	
   into	
   monomers,	
   which	
  
overcomes	
  the	
  common	
  difficulty	
  of	
  separating	
  plastics	
  based	
  
on	
  differences	
  in	
  density,	
  or	
  polymers	
  based	
  on	
  differences	
  in	
  
solubility.	
  We	
   refer	
   to	
   these	
   polymers	
   as	
   CDr	
   polymers	
   since	
  
they	
   undergo	
   continuous	
   depolymerization	
   after	
   a	
   reaction-­‐
based	
  detection	
  event.8	
  

	
   In	
   this	
   communication,	
   we	
   demonstrate	
   synthetic	
  
strategies	
   for	
  modifying	
   poly(benzyl	
   ethers)	
   to	
   realize	
   several	
  
polymeric	
   materials,	
   and	
   we	
   further	
   show	
   that	
   isolation	
   and	
  
repolymerization	
   of	
   the	
   monomers	
   from	
   depolymerized	
  
poly(benzyl	
  ethers)	
  yields	
  new,	
  pure	
  polymer,	
  which	
  enables	
  a	
  
closed-­‐loop	
   method	
   for	
   recycling	
   plastics.	
   Moreover,	
   the	
  
process	
   of	
   depolymerization	
   facilitates	
   separation	
   of	
   various	
  
traditional,	
  non-­‐depolymerizable	
  plastics/polymers	
  from	
  those	
  
that	
   depolymerize	
   in	
   hypothetical	
   situations	
   that	
   could	
   arise	
  
during	
  recycling.	
  	
  
	
   We	
   illustrate	
   these	
   concepts	
   using	
   the	
   polymers	
   in	
   Fig.	
  
1b,4a	
   which	
   are	
   a	
   specific	
   type	
   of	
   CDr	
   polymer	
   that	
  
depolymerize	
  through	
  repetitive	
  quinone	
  methide	
  elimination	
  
reactions	
   (Fig.	
   1b).	
   We	
   show	
   that	
   poly(benzyl	
   ethers)	
   are	
  
robust	
   polymers,	
   which	
   makes	
   them	
   easy	
   to	
   handle	
   and	
  
manipulate	
  into	
  plastics,	
  and	
  we	
  further	
  demonstrate	
  that	
  the	
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monomers	
   of	
   poly(benzyl	
   ethers)	
   are	
   easily	
   modified	
   to	
  
provide	
  access	
  to	
  a	
  variety	
  of	
  polymeric	
  materials	
  (Scheme	
  1).	
  

Fig.	
  1	
  (a)	
  Two	
  idealized	
  strategies	
  for	
  recycling	
  polymeric	
  materials	
  made	
  from	
  
depolymerizable	
  polymers.	
  (b)	
  Self-­‐immolative	
  CDr	
  poly(benzyl	
  ethers)

4	
  are	
  used	
  in	
  this	
  
work	
  to	
  illustrate	
  the	
  concepts.	
  

	
   Poly(benzyl	
   ethers)	
   are	
   readily	
   accessible	
   through	
   anionic	
  
polymerization	
   of	
   quinone	
   methide	
   monomers.	
   Scheme	
   1a	
  
depicts	
   a	
   representative	
   synthesis	
   of	
   one	
   quinone	
   methide	
  
monomer	
  used	
  in	
  this	
  study—note	
  the	
  straightforward	
  Fischer	
  
esterification	
   reaction	
   that	
   allows	
   incorporation	
   of	
  
functionality	
  onto	
  each	
  monomer;	
  this	
  functionality	
  ultimately	
  
controls	
   the	
   type	
   of	
   plastic	
   that	
   can	
   be	
   made	
   from	
   each	
  
polymer.	
  We	
  prepared	
  monomers	
  6−8	
  in	
  gram-­‐scale	
  quantities	
  
(up	
   to	
   ~10	
   g)	
   without	
   difficulty.	
   Likewise,	
   the	
   polymerization	
  
reaction	
  is	
  straightforward	
  and	
  high	
  yielding	
  (Scheme	
  1b),	
  and	
  
easily	
   provides	
   polymers	
   that	
   contain	
   polar	
   (polymer	
   10)	
   or	
  
hydrophobic	
  functionality	
  (polymer	
  11)	
  on	
  each	
  repeating	
  unit.	
  
Appending	
  other	
  functionalities	
  on	
  each	
  repeating	
  unit	
  should	
  
be	
  possible	
  as	
  well.	
  
	
   All	
   three	
   poly(benzyl	
   ethers)	
   (9−11	
   in	
   Scheme	
   1b)	
   were	
  
designed	
  to	
  depolymerize	
  into	
  monomers	
  in	
  response	
  to	
  base	
  
since	
   they	
   are	
   terminated	
   with	
   a	
   hydrogen	
   atom	
   (see	
   the	
  
phenol	
  in	
  Scheme	
  1b),	
  although	
  they	
  could	
  be	
  terminated	
  with	
  
other	
   functionality	
   that	
   would	
   enable	
   selective	
  
depolymerisation	
   to	
   signals	
   such	
   as	
   F−,	
   H2O2,	
   Pd(0),	
   various	
  
wavelengths	
   of	
   light,	
   thiols,	
   and	
   others.4,8	
   Exposure	
   of	
  
polymers	
  9−11	
   to	
  base	
   (0.5	
  M	
  1,8-­‐diazabicyclo[5.4.0]undec-­‐7-­‐

ene	
   (DBU))	
   in	
   CH2Cl2	
   at	
   23	
   °C,9	
   initiates	
   complete	
  
depolymerisation	
  to	
  monomers	
  within	
  1−3	
  h	
  (ESI	
  Fig.	
  1†).10	
   In	
  
the	
  absence	
  of	
  base,	
  however,	
   the	
  polymers	
  are	
   stable	
  when	
  
heated	
  to	
  ~200	
  °C,	
  where	
  the	
  onset	
  of	
  thermal	
  degradation	
  for	
  
9	
  occurs	
  at	
  200	
  °C,	
  10	
  at	
  203	
  °C,	
  and	
  11	
  at	
  204	
  °C	
  (ESI	
  Figs.	
  42−
44†).	
  
	
   The	
   modifications	
   on	
   the	
   repeating	
   units,	
   as	
   anticipated,	
  
impart	
   unique	
   properties	
   to	
   the	
   polymers.	
   For	
   example,	
  
polymer	
  11,	
  in	
  comparison	
  to	
  9	
  and	
  10,	
  is	
  hydrophobic	
  since	
  it	
  
contains	
   a	
   fluorinated	
   hydrocarbon	
   attached	
   as	
   an	
   ester	
   to	
  
each	
  repeating	
  unit.	
  The	
  water	
  contact	
  angle	
  of	
  paper	
  coated	
  
with	
  11	
  or	
  9	
   illustrates	
  this	
  point:	
  the	
  contact	
  angle	
  for	
  paper	
  
coated	
  with	
  11	
   is	
   131°	
  ±	
   2°,	
   whereas	
   the	
   contact	
   angle	
   for	
  
paper	
  coated	
  with	
  9	
  is	
  30° lower	
  (i.e.,	
  98°	
  ±	
  1°)	
  (ESI	
  Table	
  1†).	
  

	
  

	
  Scheme	
  1	
  (a)	
  An	
  example	
  route	
  for	
  preparing	
  quinone	
  methide	
  monomers.	
  (b)	
  
Syntheses	
  of	
  three	
  CDr	
  poly(benzyl	
  ethers).	
  

	
   This	
   trifecta	
   of	
   (i)	
   controlled	
   depolymerization	
   to	
  
monomers,	
   (ii)	
   thermal	
   stability,	
   and	
   (iii)	
   straightforward	
  
derivatization	
  enables	
  individual	
  testing	
  of	
  each	
  component	
  of	
  
the	
   recycling	
   strategies	
   in	
   Fig.	
   1a.	
   For	
   example,	
   we	
   used	
  
polymer	
   11	
   to	
   demonstrate	
   recycling	
   option	
   1.	
   The	
  
hydrophobicity	
   of	
   11	
   impacts	
   its	
   solubility,	
   giving	
   solubility	
  
properties	
  that	
  are	
  similar	
  to	
  poly(styrene).	
  Thus,	
  we	
  simulated	
  
recycling	
  option	
  1	
   (where	
   two	
  polymers	
   cannot	
  be	
   separated	
  
by	
  selective	
  solubility)	
  by	
  treating	
  a	
  THF	
  solution	
  of	
  polymer	
  11	
  
and	
  poly(styrene)	
  with	
  DBU	
  (0.5	
  M)	
  at	
  23	
  °C.	
  In	
  this	
  context,	
  11	
  
depolymerized	
   completely	
   in	
   2	
   h	
   (ESI	
   Fig.	
   2†).	
   The	
   resulting	
  
monomers	
  (8)	
  have	
  substantially	
  different	
  solubility	
  properties	
  
compared	
  with	
  poly(styrene)	
   (which	
  was	
  unaffected	
  by	
  DBU),	
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therefore	
   poly(styrene)	
   was	
   recovered	
   in	
   pure	
   form	
   by	
  
selectively	
  precipitating	
  it	
  from	
  the	
  reaction	
  solution	
  (Fig.	
  2).	
  
	
   Next,	
  we	
  used	
  polymer	
  10	
  to	
  illustrate	
  recycling	
  option	
  2	
  in	
  
Fig.	
  1a.	
  Polymer	
  10	
  can	
  be	
  molded	
  into	
  a	
  desired	
  shape	
  at	
  90	
  
°C.	
   In	
   this	
   case,	
  we	
  used	
  a	
  U-­‐shaped	
   silicon	
  mold	
   to	
   create	
  a	
  
thermoplastic	
  that	
  maintains	
  its	
  shape	
  when	
  handled	
  at	
  room	
  
temperature	
  (Fig.	
  3).	
  Mixing	
  the	
  U-­‐shaped	
  plastic	
  with	
  equally-­‐
sized	
   objects	
   shaped	
   as	
   P’s	
   and	
   S’s	
   (cut	
   from	
   poly(ethylene)	
  
and	
  poly(propylene),	
  respectively)	
  in	
  a	
  solution	
  of	
  isopropanol	
  
and	
   water	
   creates	
   a	
   demonstration	
   scenario	
   for	
   recycling	
  
option	
   2.	
   In	
   this	
   hypothetical	
   situation,	
   several	
   plastics	
   may	
  
have	
   similar	
   solubility	
   properties	
   and	
   density	
   values	
   to	
   one	
  
another	
  (or	
  may	
  be	
  laminated	
  together),	
  and	
  therefore	
  would	
  
be	
   difficult	
   to	
   separate	
   using	
   conventional	
   techniques,	
   even	
  
when	
   crushed	
   into	
   small	
   pieces.	
  However,	
  partial	
   purification	
  
of	
   the	
   mixed	
   materials	
   can	
   be	
   achieved	
   by	
   selectively	
  
depolymerizing	
   the	
   material	
   made	
   from	
   10	
   (i.e.,	
   the	
   U)	
   by	
  
adding	
  DBU	
  to	
  the	
  solution	
  (Fig.	
  3),	
  after	
  which	
  the	
  P	
  and	
  the	
  S	
  
can	
   be	
   collected	
   easily	
   by	
   filtration.	
   In	
   the	
   absence	
   of	
   DBU,	
  
none	
  of	
  the	
  plastic	
  letters	
  change	
  size	
  (second	
  column,	
  Fig.	
  3),	
  
emphasizing	
  that	
  the	
  objects	
  do	
  not	
  dissolve	
   in	
  the	
  solvent	
   in	
  
the	
  absence	
  of	
  the	
  applied	
  signal.	
  This	
  ability	
  to	
  depolymerize	
  
in	
   the	
   solid	
   state	
   is	
   particularly	
   important	
   for	
  minimizing	
   the	
  
use	
  of	
  large	
  volumes	
  of	
  organic	
  solvent	
  that	
  would	
  be	
  needed	
  
to	
   dissolve	
   the	
   plastics	
   before	
   separating	
   them,	
   as	
  well	
   as	
   to	
  
minimize	
  the	
  consumption	
  of	
  energy	
  that	
  would	
  be	
  required	
  to	
  
dissolve	
  the	
  polymers	
  by	
  heating	
  the	
  solutions.	
  
	
   The	
   second	
   stages	
   of	
   both	
   recycling	
   options	
   1	
   and	
   2	
   (Fig.	
  
1a)	
   involve	
   recovery	
   and	
   repolymerization	
   of	
   poly(benzyl	
  
ether)	
   monomers.	
   To	
   demonstrate	
   this	
   concept,	
   we	
  
depolymerized	
  9	
   (10	
  µM)	
   in	
  CH2Cl2	
  containing	
  DBU	
  (1.8	
  mM),	
  
which	
   yielded	
   quinone	
   methide	
   monomers.4a	
   Recovery	
   of	
  
these	
  monomers	
   by	
  washing	
   the	
   CH2Cl2	
   solution	
  with	
   water,	
  
evaporating	
   the	
   CH2Cl2,	
   and	
   then	
   selectively	
   re-­‐dissolving	
   the	
  
quinone	
  methide	
  (7)	
  in	
  hot	
  hexanes	
  provided	
  7	
  in	
  26%	
  yield,11	
  
but with	
   sufficient	
   purity	
   to	
   enable	
   repolymerization	
   to	
  
regenerate	
   9	
   in	
   83%	
   yield	
   (ESI	
   Fig.	
   3†).	
   For	
   comparison,	
   the	
  
first	
   synthesis	
   of	
   9,	
   using	
   freshly	
   prepared	
   monomer,	
  
proceeded	
   in	
  87%	
  yield.	
  We	
  did	
  not	
  optimize	
   the	
   recovery	
  of	
  
7,11	
   but	
   we	
   anticipate	
   that	
   minor	
   changes	
   to	
   the	
   recovery	
  
procedure	
  will	
  increase	
  the	
  yield	
  of	
  recovered	
  7	
  substantially.11	
  
	
   Taken	
   together,	
   these	
   three	
   individual	
   demonstrations	
   of	
  
separation	
  and	
   recycling	
   suggest	
   the	
   feasibility	
  of	
  poly(benzyl	
  
ethers)	
   (and,	
   perhaps,	
   other	
   CDr	
   polymers)	
   to	
   enable	
   the	
  
general	
   strategies	
   in	
  Fig.	
  1a	
   for	
   chemical	
   recycling	
  of	
  plastics,	
  
perhaps	
   even	
   when	
   plastics	
   are	
   components	
   of	
   larger	
  
composite	
   materials	
   such	
   as	
   laminates,	
   or	
   when	
   mechanical	
  
separation	
  of	
  comingled	
  materials	
  is	
  not	
  possible.	
  

Conclusions	
  
This	
  diversity	
  of	
   recycling	
  options,	
  combined	
  with	
   the	
  ease	
  of	
  
synthesis	
   and	
   straightforward	
   derivatization	
   of	
   poly(benzyl	
  
ethers)	
   to	
   create	
   various	
   polymeric	
   materials,	
   places	
   CDr	
  
poly(benzyl	
  ethers)	
   in	
  a	
  unique	
  position	
   to	
  serve	
  as	
  a	
  starting	
  
point	
   for	
  purposely	
  designing	
  plastics	
   that	
   effectively	
  balance	
  
function	
  with	
  end-­‐of-­‐use	
  recycling	
  strategies.	
  The	
  scope	
  of	
  this	
  	
  

	
  
Fig.	
  2	
  Separating	
  polymers	
  with	
  similar	
  solubility	
  properties	
  by	
  depolymerizing	
  
poly(benzyl	
  ether)	
  11.	
  Poly(styrene)	
  (top	
  blue	
  GPC	
  chromatogram)	
  and	
  11	
  (yellow	
  
chromatogram)	
  were	
  combined	
  in	
  THF	
  (green	
  chromatogram)	
  and	
  then	
  separated	
  by	
  
adding	
  DBU	
  to	
  the	
  solution.	
  1H	
  NMR	
  spectra	
  corresponding	
  to	
  each	
  step	
  are	
  provided	
  in	
  
ESI	
  Fig.	
  2†.	
  

approach	
   broadens	
  when	
   one	
   considers	
   that	
   CDr	
   poly(benzyl	
  
ethers)	
   are	
   not	
   limited	
   to	
   responding	
   to	
   base;	
   in	
   previous	
  
work,4	
  we	
  demonstrated	
  that	
  the	
  polymers	
  can	
  be	
  end-­‐capped	
  
with	
   detection	
   units	
   that	
   respond	
   to	
   specific	
   applied	
   signals,	
  
such	
   as	
   fluoride,	
   Pd(0),	
   or	
   UV	
   light.	
   Such	
   end	
   caps	
   should	
  
expand	
   the	
   applications	
   of	
   CDr	
   poly(benzyl	
   ethers)	
   in	
   the	
  
context	
   of	
   recyclable	
   plastics,	
   since	
   some	
   applications	
   may	
  
require	
   materials	
   that	
   are	
   stable	
   even	
   to	
   base,	
   while	
   other	
  
recycling	
   scenarios	
   may	
   necessitate	
   sequential,	
   selective	
  
depolymerization	
  to	
  enable	
  complete	
  separation	
  and	
  recovery	
  
of	
  multiple	
  polymers	
  in	
  a	
  mixture,	
  or	
  of	
  composite	
  materials.	
  
	
   Looking	
  broadly,	
  this	
  work	
  illustrates	
  a	
  design	
  principle	
  for	
  
new	
  generations	
  of	
  polymeric	
  materials	
  in	
  which	
  polymers	
  are	
  
designed	
   both	
   for	
   desirable	
   bulk	
   material	
   properties	
   and	
   for	
  
ease	
  of	
   recycling	
  and	
  purification	
  based	
  on	
  a	
  selective,	
   room-­‐
temperature	
  head	
  to	
  tail	
  depolymerisation	
  reaction.	
  	
  
	
   Because	
   this	
   is	
   a	
   proof-­‐of-­‐concept	
   study,	
   the	
  
demonstration	
   polymers	
   (i.e.,	
   functionalized	
   poly(benzyl	
  
ethers))	
  and	
  polymeric	
  materials	
  certainly	
  are	
  not	
  competitive	
  
with	
   existing	
   polymeric	
   materials	
   in	
   terms	
   of	
   intrinsic	
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properties.	
   However,	
   further	
   development	
   of	
   these	
  
poly(benzyl	
  ether)-­‐based	
  materials	
  is	
  on-­‐going	
  with	
  the	
  goal	
  of	
  
optimizing	
   desired	
   properties	
   and	
   fully	
   characterizing	
   the	
  
mechanical,	
  optical,	
  and	
  thermal	
  properties	
  of	
  the	
  materials.	
  
	
   The	
   time	
   horizon	
   for	
   implementation	
   of	
   these	
   concepts	
  
likely	
   is	
   long	
   (e.g.,	
   tens	
  of	
   years),	
   and	
  ultimately	
  may	
  emerge	
  
first	
  in	
  specialized	
  applications.	
  Whether	
  the	
  concepts	
  are	
  ever	
  
applied	
   to	
   commodity	
   polymers	
   depends	
   on	
   a	
   variety	
   of	
  
factors,	
   including	
   (i)	
   available	
   supplies	
   of	
   raw	
   starting	
  
materials,	
  (ii)	
  cost	
  of	
  purification	
  and	
  recycling	
  efforts,	
  and	
  (iii)	
  
increased	
  knowledge	
  of	
  the	
   impact	
  of	
  plastic	
  pollution	
  on	
  the	
  
health	
  of	
  humans	
  and	
  the	
  environment.	
  However,	
  one	
  thing	
  is	
  
certain:	
   the	
   preferred	
   chemical	
   compositions	
   and	
   desired	
  
functions	
  of	
  polymeric	
  materials	
  continue	
  to	
  change	
  over	
  time.	
  
At	
  some	
  point,	
  theses	
  requirements	
  may	
  match	
  the	
  results	
  of	
  
this	
  work,	
  and	
  thus	
  this	
  work	
  could	
  provide	
  a	
  foundation	
  upon	
  
which	
   function	
   and	
   recycling	
   will	
   both	
   be	
   given	
   equal	
  
consideration	
  at	
  the	
  design	
  stage	
  of	
  a	
  new	
  polymer.	
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isolated	
  with	
  sufficient	
  purity	
  to	
  enable	
  repolymerization.	
  
However,	
  we	
  note	
  that	
  clean	
  depolymerization	
  of	
  
poly(benzyl	
  ethers)	
  to	
  monomers	
  occurs	
  in	
  dry	
  solvent.4a	
  
Thus,	
  minimizing	
  exposure	
  of	
  monomers	
  to	
  water	
  will	
  
minimize	
  hydration	
  of	
  quinone	
  methides	
  and	
  likely	
  will	
  
improve	
  the	
  yield	
  of	
  recovered	
  monomer.	
  Commercial	
  
applications	
  of	
  CDr	
  poly(benzyl	
  ethers)	
  will	
  provide	
  the	
  
motivation	
  to	
  devise	
  improved	
  recovery	
  procedures	
  for	
  
quinone	
  methide	
  monomers.	
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