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Abstract: A new family of  transparent,  biocompatible,  self-adhesive,  and self-healing elastomer has been developed by a con-
venient  and efficient  one-pot  reaction between poly(acrylic  acid)  (PAA)  and hydroxyl-terminated polydimethylsiloxane (PDMS-
OH).  The  condensation  reaction  between  PAA  and  PDMS-OH  has  been  confirmed  by  attenuated  total  reflection  Fourier  trans-
form infrared (ATR-FTIR) spectra. The prepared PAA-PDMS elastomers possess robust mechanical strength and strong adhesive-
ness  to human skin,  and they have fast  self-healing ability  at  room temperature (in  ~10 s  with the efficiency of  98%).  Specific-
ally,  strain sensors were fabricated by assembling PAA-PDMS as packaging layers and polyetherimide-reduced graphene oxide
(PEI-rGO) as strain-sensing layers.  The PAA-PDMS/PEI-rGO sensors are stably and reliably responsive to slight physical deforma-
tions,  and  they  can  be  attached  onto  skin  directly  to  monitor  the  body’s  motions.  Meanwhile,  strain  sensors  can  self-heal
quickly  and  completely,  and  they  can  be  reused  for  the  motion  detecting  after  shallowly  scratching  the  surface.  This  work
provides new opportunities to manufacture high performance self-adhesive and self-healing materials.
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1.  Introduction

A  self-healing  material  is  a  functional  material  that  mim-
ics  the  self-healing  capability  of  natural  biomaterials,  which
extend the lifetime, enhance the durability and increase the re-
liability  of  these  materials[1–5].  Self-healing  materials  have
been extensively investigated in a wide range of applications,
including  sensors[6–10],  smart  materials[11, 12] and  medical  dia-
gnosis[13–17],  energy storage[18, 19],  self-powered device[20],  etc.
Recently,  research  of  self-healing  materials  has  mainly  fo-
cused  on  hydrogels[21–25] and  elastomers[26, 27].  Hydrogels
with high water content can self-heal quickly under room tem-
perature  without  any  external  stimulus.  However,  the  poor
mechanical properties and long-term stability of hydrogels lim-
it their applications. In contrast, elastomers have prominent ad-
vantages in practical applications due to their excellent elasti-
city and stability.

Self-healing  elastomers  can  be  fabricated  by  incorporat-
ing  dynamic  bonding  (e.g.  hydrogen  bonds[28, 29],  coordinate
bonds[30, 31],  π–π  stacking[32],  host-guest  interaction[33–36]).
Some of them can only self-heal triggered by external stimuli.
For  instance,  Deng et  al. reported  a  polydimethylsiloxane
(PDMS)  elastomer  based  on  acylhydrazone  groups,  and  its
self-healing  process  was  induced  by  treating  with  acetic  acid
or annealing at 120 °C[28]. Zhang et al. successfully prepared a
nanostructured  supramolecular  elastomer  with  a  dual  non-
covalent  network  of  hydrogen  bonding  and  metal-ligand  co-

ordination[36], which can self-heal quickly (~30 s) and spontan-
eously at room temperature.  However,  when applies in wear-
able  devices,  additional  adhesive  tapes  were  needed  to  im-
mobilize  the  devices  on  skin,  which  was  unfavorable  to  the
sensitivity and comfortableness. Therefore, it is necessary and
remains  a  challenge  to  design  elastomers  that  simultan-
eously  possess  excellent  self-healing  ability,  self-adhesive-
ness, and mechanical properties.

In  this  research,  a  novel  transparent,  self-healing  and
self-adhesive  elastomer  was  fabricated  by  cross-linking  poly
(acrylic  acid)  (PAA)  and  hydroxyl-terminated  polydimethy-
lsiloxane (PDMS-OH) through a convenient  and efficient  one-
pot reaction. The PAA-PDMS elastomers showed robust mech-
anical  properties,  self-adhesiveness,  fast  self-healing  (within
~10  s)  at  room  temperature  and  excellent  self-healing  effi-
ciency  (98%).  Furthermore,  strain  sensors  were  fabricated  by
assembling  PAA-PDMS  elastomers  as  packaging  layers  and
polyetherimide-reduced  graphene  oxide  (PEI-rGO)  as  strain-
sensing layers[37]. The PAA-PDMS/PEI-rGO sensors are mechan-
ically  stable,  highly  sensitive,  self-adhesive,  and  they  are
biocompatible  with  skin.  The  self-healing  process  of  PAA-
PDMS/PEI-rGO  sensors  was  extremely  fast  at  room  temperat-
ure  without  any  external  stimulus,  and  the  healed  sensors
were  able  to  detect  slight  physical  deformations  after  starch-
ing on the surface.

2.  Experimental

2.1.  Materials

Hydroxyl-terminated  polydimethylsiloxane  (PDMS-OH,
viscosity  2550-3570  cSt),  N,  N’-dicyclohexylcarbodiimide
(DCC,  99%),  4-(dimethylamino)  pyridine  (DMAP, ≥ 99%)  and
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branched  polyetherimide  aqueous  solution  (PEI,  50%  (w/v))
were  purchased  from  Sigma-Aldrich.  Poly(acrylic  acid)  (PAA,
Mv~450,000)  and  Tetrahydrofuran  (THF,  AR,  99%)  were  pur-
chased from Shanghai Aladdin Bio-Chem Technology Co, Ltd.
Graphene  oxide  (GO)  aqueous  dispersion  (2  mg/mL)  was
provided  by  Sinocarbon  Materials  Technology  Co,  Ltd.  The
GO aqueous dispersion (2 mg/mL) was diluted to 0.5 mg/mL,
and  the  branched  PEI  aqueous  solution  (50%  (w/v))  was  di-
luted  to  1%  (w/v).  All  of  the  chemical  reagents  mentioned  at
this  work  were  of  analytical  grades  and  used  without  further
purification.

2.2.  Preparation of PAA-PDMS elastomer

DCC  (20  mg)  and  DMAP  (5  mg)  were  dissolved  in  40  mL
THF.  PAA  (0.50  g)  was  then  added  to  the  mixture  and  stirred
at  40  °C  for  3  h.  After  slowly  adding  various  amounts  of
PDMS-OH,  the  mixture  was  stirred  continuously  at  40  °C  for
24  h  to  obtain  a  homogeneous  solution.  The  mixture  was
heated  at  90  °C  for  20  min  to  remove  the  solvent,  followed
by  spin-coating  on  glass  substrate  to  prepare  the  PAA-PDMS
films. Different PAA-PDMS films were prepared by varying the
weight ratios between PAA and PDMS.

2.3.  Fabrication of PAA-PDMS/PEI-rGO strain sensors

The  PAA-PDMS/PEI-rGO  strain  sensors  were  prepared  ac-
cording  to  our  previous  work[37].  First,  PEI-rGO  composite
films were treated with layer-by-layer self-assembly by altern-
ately dipping 1% (w/v) PEI solution and 0.5 mg/mL GO disper-
sion.  To  control  the  initial  resistance,  the  assembling  time,
thermal  reduction  time  and  temperature  were  strictly  con-
trolled.  Subsequently,  PAA-PDMS  composite  was  spin-coated
(600 rpm,  8  s)  on the glass  substrate  with  PEI-rGO composite
film  at  room  temperature.  Finally,  the  PAA-PDMS  elastomers
were  mechanically  peeled  from  the  glass,  and  coated  with
copper  wire  by  conductive  silver  paste  and  then  encapsu-
lated by another PAA-PDMS film.

2.4.  Characterizations

The morphology of PAA-PDMS elastomers were character-
ized  using  a  scanning  electron  microscope  (SEM,  Phenom
ProX,  Phnomworld)  with  an  acceleration  voltage  of  5  kV  and
optical  microscope  (OM,  Eclipse  LV100ND,  Nikon).  Attenu-
ated  total  reflection  Fourier  transform  infrared  (ATR-FTIR)
spectra  were  recorded  using  a  Spectrum  400  (American,
PerkinElmer).  The  ultraviolet–visible  transmittance  spectra
were  recorded  with  an  UV-2600  spectrophotometer  (Shi-
madzu).  The tensile properties of PAA-PDMS elastomers were
measured  by  a  home-made  test  setup  at  a  speed  of
15  mm/min  at  room  temperature.  The  electrical  signals  were
performed  in  real-time  by  a  digital  source  meter  (Keithley
4200-SCS).

2.5.  Tensile and electrical testing

All  of  the  tensile  tests,  including  tensile  stress,  tensile
strain, tensile elongation, and loading-unloading tests were de-
termined by the stress-strain curves. Tensile strength self-heal-
ing  efficiency  (ηλ)  is  the  ratio  of  the  tensile  strength  of  the
pristine  and  healed  devices.  Tensile  length  self-healing  effi-
ciency (ηρ) is the ratio of the tensile elongation of the pristine
and healed devices. The formulas are as follows:
 

ηλ =
λH
λP

× %,

 

ηρ =
ρH
ρP

× %,

where λH and λP are  the healed and initial  tensile  strength of
devices,  respectively. ρH and ρP are  the  healed  and  initial
elongation at break of devices.

The  resistance  changes  (ΔR)  of  PAA-PDMS/PEI-rGO  strain
sensors  in  different  states  were  obtained by in  real-time by a
digital  source  meter  (Keithley  4200-SCS).  The  relative  resist-
ance change of strain sensors is calculated on the basis of the
current  monitored:  ΔR/R0 =  (R – R0)/R0,  where R and R0 are
the  resistance  with  and  without  applied  strain,  respectively.
The  averages  and  standard  deviations  were  calculated  from
at least five samples for each sample.

3.  Results and discussion

3.1.  Fabrication of PAA-PDMS elastomers

Self-healable  and  self-adhesive  PAA-PDMS  elastomers
were  prepared  by  a  convenient  and  efficient  one-pot  reac-
tion.  PAA  has  abundant  carboxyl  groups  on  its  molecular
chains,  which  facilitates  its  reaction  by  reactants  containing
functional  groups  (e.g,  hydroxyl  groups,  carboxyl  groups).  In
the preparation,  first,  the nitrogen with lone pair  of  electrons
on  the  DCC  attacks  the  carboxyl  hydrogen  of  PAA.  After  the
hydrogen  is  obtained,  the  carbon  of  DCC  is  positively
charged.  Then,  the  carboxyl  oxygen  after  losing  the  hydro-
gen attacks the DCC intermediate carbon.  Next,  the lone pair
electrons  of  nitrogen  on  the  DMAP  pyridine  ring  attacks
carboxyl  carbon.  Meanwhile,  another  carboxyl  group  oxygen
is  removed  from  DCC  to  form  DCU.  Finally,  N  on  the  DMAP
pyridine  ring  attacks  hydroxyl  hydrogen  of  PDMS-OH  and
obtains  hydrogen.  The  hydroxyl  group  that  loses  hydrogen
negatively  attacks  the  carboxyl  group  carbon  to  form  an  es-
ter  group.  Therefore,  DCC  and  DMAP  act  as  catalysts  during
preparing  PAA-PDMS  elastomers.  Hence,  the  elastomers  are
formed  by  cross-linking  PAA  and  hydroxyl-terminated  PDMS
(PDMS-OH)  through  covalent  (i.e.  ester  groups)  and  dynamic
bonding  (i.e.  hydrogen  bonds).  The  covalent  cross-linking
between  PAA  and  PDMS-OH  is  responsible  for  strengthening
the  mechanical  properties  of  the  PAA-PDMS  elastomers.  For
PAA-PDMS  elastomers,  weak  dynamic  bonds  should  present
as  cross-linking  sites  so  that  elastomers  could  be  break  first
upon damaging and reformed to self-heal.  Additionally,  PAA-
PDMS  elastomers  cross-linked  by  dynamic  hydrogen  bonds
tend to be soft and viscoelastic.

3.2.  ATR-FTIR spectroscopy

To  confirm  the  condensation  reaction  between  PAA  and
PDMS-OH,  the  ATR-FTIR  spectrum  of  PAA-PDMS  elastomers
films  with  PAA  :  PDMS-OH  ratio  of  3  :  1  was  investigated
(Fig. 1(a)),  while the spectra of PAA and PAA & PDMS mixture
were  recorded  as  the  control.  The  PAA,  PAA  &  PDMS  and
PAA-PDMS films  were  prepared as  same thickness  of  0.5  mm
films  for  testing  ATR-FTIR  spectroscopy.  In  particular,  com-
pared  with  PAA-PDMS,  there  is  no  DCC  and  DMAP  catalyst
in  PAA  &  PDMS  material,  which  indicates  that  there  is  no
reaction  between  PAA  and  PDMS-OH  under  normal  condi-
tions.  For  the  PAA  and  PAA  &  PDMS,  an  absorption  band  at
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Table 1.   Mechanical properties of elastomer with different ratios of PAA and PDMS-OH.

Sample PAA:PDMS-OH (wt.%) Breaking strength (MPa) Breaking elongation (%)

F-1-1 1 : 1 0.4832 76.7
F-2-1 2 : 1 0.4426 91.3
F-3-1 3 : 1 0.3829 94.5
F-5-1 5 : 1 0.3749 146.4
F-10-1 10 : 1 0.3365 148.6
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Fig. 1. (Color online) (a) ATR-FTIR and (b) UV spectra of neat PAA, PAA & PDMS and PAA-PDMS materials.
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Fig. 2. (Color online) Physical properties of PAA-PDMS elastomers. (a) Photographic image of the transparent PAA-PDMS elastomer film. (b) Pho-
tographic images of PAA-PDMS films under stretching, bending, and twisting. (c) Typical tensile stress-strain curves of films with various weight
ratios between PAA and PDMS-OH (F-1-1, F-2-1, F-3-1, F-5-1, and F-10-1). (d) and (e) Tensile stress-strain curves of PAA-PDMS films within 40%
strain under loading-unloading cycle. (f) Tensile stress between PAA-PDMS elastomer and skin. Insert photo shows adhesion strength test of the
PAA-PDMS elastomer on skin.
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1705 cm–1 was  observed,  which  belongs  to  the  stretching vi-
bration  of  C=O  in  –COOH.  For  the  PAA-PDMS  elastomers,  a
red shift  of  the stretching vibration of  C=O to 1716 cm–1 was
observed,  indicating  the  formation  of  ester  groups.  This  con-
firmed the crosslinking between PAA and PDMS-OH.

3.3.  Mechanical properties of PAA-PDMS elastomers

The  elastomer  films  (25  ×  25  ×  0.5  mm3)  were  prepared
by  various  weight  ratios  of  PAA  and  PDMS-OH  (Table  1),
which  are  transparent  with  outstanding  optical  transmit-
tance of ~100% in full visible light region (Figs. 1(b) and 2(a)).
The  transmittance  greater  than  100%  is  mainly  due  to  the
half-wave  loss  of  the  film  and  the  inter-interface  emission,
which is consistent with other work have been reported[38, 39].
The PAA-PDMS films are mechanically stable and they can be
bent,  stretched,  and  twisted  without  breaking  (Fig.  2(b)).
Additionally,  F-1-1,  F-2-1,  F-3-1,  F-5-1  and  F-10-1  samples  are
defined as 1 : 1, 2 : 1, 3 : 1, 5 : 1 and 10 : 1 weight ratio of PAA
and PDMS-OH to obtain elastomer film, respectively (Table 1).
The  tensile  performances  of  the  elastomer  films  were  quan-
titatively  investigated  by  stress-strain  curves  (Fig.  2(c)).  With
the  increase  of  PAA  ratios  in  the  films,  the  fracture  stress  de-
creased from 0.48 to 0.34 MPa,  while  the elongation at  break
increased  from  76.7%  to  148.6%  (Table  1).  The  results  are  in-

duced  by  the  increased  contents  of  dynamic  hydrogen
bonds,  which  further  enhance  movement  of  polymer  chains.
Hydrogen bonds in the PAA-PDMS elastomers increase the dy-
namicity  and  mobility,  but  decrease  the  mechanical  strength
of the films simultaneously.

The elasticity of PAA-PDMS films was investigated by cyc-
lic  tensile  tests,  which  indicates  hydrogen  bonds  recovery  in
the cross-linked networks (Fig. 2(d)). Typical hysteresis and re-
sidual  strain  are  observed  for  all  the  PAA-PDMS  elastomer
films  stretched  to  a  strain  of  40%.  After  relaxing  the  external
strength,  the films shrink back to origin length.  The film of  F-
10-1  shows  a  much  lower  tensile  strength  compared  to  the
other  films  (F-1-1,  F-2-1,  F-3-1,  and  F-5-1)  due  to  the  higher
content of dynamic hydrogen bonds. With the increased PAA
contents, the hysteresis of elastomer films during loading-un-
loading cycles  increase.  The three  stretching-releasing curves
are highly coincident for F-3-1 within a 40% applied strain, in-
dicating the hydrogen bonds recovery in the cross-linked net-
works  (Fig.  2(e)).  Combining  with  the  above  features,  the
PAA-PDMS elastomers have the potential to be applied as sub-
strates  or  packaging  for  stretchable  sensors  for  physical  de-
formations  detecting.  Moreover,  the  mechanical  properties
(e.g.  strength,  elasticity)  of  these elastomers  can be tuned by
varying the weight ratios between PAA and PDMS-OH.
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Fig. 3. (Color online) Self-healing properties of PAA-PDMS elastomers. (a) Photographic images of self-healing process of F-3-1 film, the healed
film is mechanically stable under stretching. Typical tensile stress-strain curves for (b) F-2-1, (c) F-3-1   and (d) F-5-1 film during three cutting-
healing cycles. (e) Self-healing efficiencies of PAA-PDMS elastomer films of F-2-1, F-3-1, and F-5-1 during three cutting-healing cycles.
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Additionally,  PAA  shows  great  potential  in  the  fabrica-
tion  of  wearable  sensors  with  excellent  biocompatible  tissue
adhesiveness[40–43].  Due  to  the  abundant  carboxyl  groups  on
the surface, the PAA-PDMS elastomers are biocompatible and
self-adhesive  to  skin  (Fig.  2(f) and  Movie  S1).  A  strong  adhe-
sion strength,  as  high as  ~0.028 MPa,  was  observed between
PAA-PDMS  elastomer  and  skin.  The  elastic  modulus  of  the
PAA-PDMS elastomers is comparable with that of human skin
(10–500  kPa),  providing  the  PAA-PDMS  elastomers  with  a
good level  of  comfort  with the human body[44].  Furthermore,
when  applied  as  wearable  sensors,  the  self-adhesiveness  en-

ables  the  elastomer  to  be  directly  attached  onto  human  skin
without requiring any additional adhesive tapes, which facilit-
ates  detecting  accuracy  and  convenience  during  practical
monitoring.

3.4.  Self-healing properties of PAA-PDMS elastomers

The  PAA-PDMS  elastomers  with  reversible  hydrogen
bonds  are  expected  to  be  self-healable.  A  film  of  F-3-1  was
cut by a razor blade into two halves, and then gently brought
back to contact immediately without any applied stress. After
healing for 10 s, the two separate pieces can self-heal automat-
ically  under  room  temperature,  which  is  faster  than  the  oth-
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Fig. 4. (Color online) OM and SEM images of healed PAA-PDMS elastomer. (a) OM images of the self-healing process of F-3-1 without any extern-
al stimulus. (b) SEM images of the self-healing process (surface cut) of F-3-1 under vapor treating, the process is finished in ~3 min.
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Fig. 5. (Color online) Schematic illustrations of the self-healing process of PAA-PDMS elastomers.
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er studies that require additional  external  stimuli  (i.e.  light[45],
heat[46]) or a healing agent. In Fig. 3(a) it can be seen that the
healed  films  are  highly  flexible  and  stretchable,  even  after
several cutting-healing cycles.

The recyclability of PAA-PDMS films were investigated by
cutting and healing for three cycles at the same position. Typic-
al tensile stress-strain curves were measured for healed F-2-1,
healed  F-3-1,  and  healed  F-5-1  (Figs.  3(b)–3(d)).  All  of  the
elastomer  films  show  good  recovery  of  mechanical  proper-
ties  after  three  cutting-healing  cycles.  Compared  with  F-3-1
and  F-5-1,  which  can  self-heal  quickly  under  room  temperat-
ure,  the  self-healing  process  of  F-2-1  is  slow  and  needed  to
be triggered by water vapor for 2–3 min. The self-healing effi-
ciencies  of  F-2-1,  F-3-1,  and  F-5-1  after  each  cutting-healing
cycle are summarized in Fig. 3(e). F-2-1 film heals ~95.9% and
~77%  of  its  original  elongation  and  strength  at  break  after
the first  cutting-healing cycle,  which decrease to ~54.1% and
~51.0%  after  the  third  cutting-healing  cycle.  With  the  in-
crease of PAA contents, the elastomer films show higher heal-
ing efficiencies due to the increased content of dynamic hydro-
gen  bonds,  which  help  to  promote  the  self-healing  process.
The  films  of  F-3-1  and  F-5-1  recover  ~74.6%,  74.7%  elonga-
tion  and  ~82.7%,  85.5%  strength  at  break  after  the  third  cut-
ting-healing cycle.

The self-healing process of F-3-1 was monitored by optic-
al  microscope (OM) and scanning electron microscope (SEM).
Two separated pieces of F-3-1 after complete cutting were con-
tacted  under  room  temperature  without  any  external  stimu-
lus. The self-healing process was recorded by an OM (Fig. 4(a)
and  Movie  S2).  The  film  was  almost  completely  mended  to  a
uniform  material  except  a  scar  left  on  surface.  This  could  be

one  of  the  reasons  for  the  incomplete  recovery  of  mechanic-
al  properties  after  healing.  The  surface  cut  can  be  com-
pletely  healed  after  treating  by  water  or  water  vapor  for
~3 min, due to the increased mobility of polymer chains in hu-
mid  environment  (Fig.  4(b)).  The  PAA-PDMS  elastomers  are
able to self-heal the surface cut and therefore have the poten-
tial to be applied in fabricating optical devices, including lens
and packaging layers of optical sensors.

According to the results, the corresponding illustration of
the  self-healing  process  of  PAA-PDMS  elastomers  is  as  fol-
lows  (Fig.  5).  The  covalent  ester  groups  and  dynamic  hydro-
gen bonds were broken simultaneously during cutting of the
PAA-PDMS  elastomers.  Subsequently,  after  contacting  the
two  separated  pieces,  hydrogen  bonds  between  carboxyl
groups  on  PAA  were  reformed  and  induced  the  self-healing
process. However, with more cutting-healing cycles, less cova-
lent bonds are left[40], which induces decrease of the mechanic-
al properties and self-healing efficiency.

3.5.  PAA-PDMS/PEI-rGO sensors

The  PAA-PDMS  elastomers  with  excellent  mechanical
properties,  fast  self-healing  ability  and  comfortable  self-
adhesiveness  to  skin  have  the  potential  to  be  applied  in
strain  sensors.  As  PAA  content  increases,  the  elastomer  films
show increased self-healing efficiencies and decreased mech-
anical  properties.  Therefore,  taking  account  of  both  factors,
the elastomer with PAA :  PDMS-OH ratio  of  3  :  1  was used to
fabricate the packaging-layer of strain sensors.

A  novel  PAA-PDMS/PEI-rGO  strain  sensor  was  prepared
by assembling PAA-PDMS elastomers and conductive PEI-rGO
hierarchical  nanocomposite  films  according  to  our  previous
study  (Fig.  6(a))[37].  The  hierarchical  PEI-rGO  core-layers  and
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Fig. 6. (Color online) The fabrication, electrical and mechanical properties of PAA-PDMS/PEI-rGO sensors. (a) Schematic illustration of preparing
PAA-PDMS/PEI-rGO sensors. (b) Variations of tensile performance of the PAA-PDMS/PEI-rGO sensor vs. applied strain. (c) The response of the self-
healing strain sensors under various applied tensile strains after 500 stretching/releasing cycles under 3% applied strain.
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PAA-PDMS  shell-layers  enable  the  strain  sensors  with  superi-
or sensitivity, self-healing, self-adhesiveness, and biocompatib-
ility, which can be directly worn on the skin and applied in de-
tecting physical deformations.

During  practical  applications,  the  tensile  stress  and  re-
sponse of PAA-PDMS/PEI-rGO sensors within 5% strain were in-
vestigated.  The  tensile  stress  is  well-linear  to  the  applied
strain,  indicating  the  potential  of  the  PAA-PDMS/PEI-rGO
sensors  in  detecting  slight  motions  (Fig.  6(b)).  The  strain
sensors  are  remarkably  stable,  repeatable,  and  durable  dur-
ing  stretching-releasing  testing.  Applied  strains  varying  from
1%  to  5%  can  be  reliably  monitored  by  the  PAA-PDMS/PEI-
rGO sensors after 500 stretching-releasing cycles within 3% ap-
plied strain (Fig. 6(c)).

The PAA-PDMS/PEI-rGO sensors were directly adhered on
the  wrist  without  requiring  any  external  additional  adhesive
tapes  to  monitor  body  motions  (Fig.  7(a)).  Additionally,  no
irritation  is  induced  to  the  skin  by  the  PAA-PDMS/PEI-rGO
sensors  in  ~2  h.  When  the  wrist  was  bent  downwards,  the

sensor  was  stretched  with  its  resistance  increased  abruptly.
The  resistance  gradually  restored  to  the  original  value  after
the  forefinger  returned  straight,  which  is  consistent  with  the
mechanism  of  strain  sensors[26, 37].  During  the  multiple  bend-
ing-unbending  cycles  of  the  wrist,  the  varying  resistance
curve  shows  a  regular  and  repeatable  shape,  indicating  that
the  response  of  the  PAA-PDMS/PEI-rGO  sensors  is  reliable
and stable.

The  PAA-PDMS/PEI-rGO  sensors  can  self-heal  a  shallow
scratch on the surface, which are able to be reused for monitor-
ing body motions.  After  shallowly  cutting on the surface,  the
self-healing  process  of  the  strain  sensors  is  accomplished  in
~10  s  at  room  temperature.  The  healed  sensors  detect  the
motion  of  wrist  and  press,  and  output  stable  and  reprodu-
cible  signals  (Figs.  7(b) and 7(e)).  The  corresponding  relative
resistance  responses  of  the  healed  sensors  were  consistent
with  those  of  the  pristine  sensors.  Additionally,  even  after
completely  cutting,  the  PAA-PDMS/PEI-rGO  sensors  can  still
be  self-healed  and  are  able  to  detect  wrist  bending  and
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Fig. 7. (Color online) Application of PAA-PDMS/PEI-rGO strain sensors: the corresponding response to the (a–c) wrist and (d–f) press of the
pristine, surface cut healed and complete cut healed strain sensors.
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pressure  (Figs.  7(c) and 7(f)).  Stable  and  reproducible  wave-
form signals were obtained, and it  is  believed that the move-
ment and fusion of PAA-PDMS networks induces the connec-
tion  of  PEI-rGO  layers  during  the  self-healing  process,  which
partially  heals  the  strain  sensors.  However,  the  resistance
change  (ΔR)  of  the  healed  sensors  is  much  higher  than  the
pristine  sensors,  which  is  attributed  to  the  lack  of  self-heal-
ing ability of PEI-rGO conducting layers.

4.  Conclusion

In  summary,  we  successfully  fabricated  a  novel  transpar-
ent,  biocompaticle,  self-adhesive,  and  self-healing  elastomer
by  cross-linking  PAA  and  PDMS-OH  through  a  convenient
and efficient one-pot reaction. The PAA-PDMS elastomers are
mechanically  stable  and  elastic.  The  abundant  carboxyl
groups  on  surface  facilitate  the  PAA-PDMS  elastomers  with
robust  self-adhesiveness.  The  dynamic  nature  of  PAA-PDMS
elastomers on the basis of the hydrogen bonds manifests the
elastomers  with  fast  (within  10  s)  and  efficient  (~98%)  self-
healing ability  under room temperature without any external
stimulus.  Strain  sensors  were  fabricated  by  assembling  the
PAA-PDMS  packaging  layers  and  PEI-rGO  conducting  layers.
The  PAA-PDMS/PEI-rGO  strain  sensors  exhibit  stable  and  reli-
able response to physical  deformations,  which can be further
worn  on  the  skin  to  monitor  the  body’s  motions.  The  strain
sensors  can completely  self-heal  a  shallow cut  on the surface
and they can reliably detect slight body motions. However, fur-
ther  improving  self-healing  ability  is  necessary  for  the  PAA-
PDMS/PEI-rGO sensors, especially for the case of complete cut-
ting.  The  PEI-rGO  layers  without  self-healing  ability  decrease
the  stability  and  reliability  of  the  sensors  after  healing.  This
challenge  might  be  addressed  in  the  future  by  fabricating
self-healable conducting layers[9, 28].
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