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ecniS  ti  saw  tsrif  eccus s lufs ly ex detailof  ni  ,4002  ehparg ne h sa  detcartta  a ipar d rcni e esa  in 
noitnetta  rof  snoitacilppa  ni  a rav iety fo  fi ,sdle  gnidulcni  n ,scinortceleona  parg h ene -b desa  

otautca sr  dna  enehparg - decrofnier  isopmoconan t .se  stI  evitavired  enehparg  edixo  )OG(  si  
iyalp ng na  isaercni ngly i tnatropm  ,elor  b uace se of sti  ex tnellec  porp e eitr s dna  eht  iliba ty ot  

ecudorp  ti  ni  egral  seititnauq  ta  evitaler ly ol w .tsoc  hguohtlA  eht  ecafretni  eb neewt  eht  
tnemecrofnier  dna  rtam xi  yam  eb  orts n reg  naht  rof  ehparg ne ni  OG - ab s de  setisopmoconan  

eud  ot  eht  lacimehc  ilanoitcnuf t ,y  eht  lacinahcem  seitreporp  fo  OG  era  roirefni  ot  esoht  fo  
enehparg  .]1[  A ecnalab  fereht o er  sdeen  ot  eb  kcurts  neewteb  eht  cem h lacina  seitreporp  fo  eht  

enehparg eht ni ecafretni eht fo htgnerts eht dna tnemecrofnier - .]1[ setisopmoconan desab   
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namaR  ocsortceps py ah s neeb  desu  rof  eht  tsrif  emit  ot  rotinom  cafretni i la  sserts  refsnart  ni  
iv(ylop n ly  )lohocla  )AVP(  setisopmoconan  decrofnier  htiw  .OG  ehT  GO setisopmoconan  

erew  deraperp  by a is m elp  gnixim  dohtem  dna  gnitsac  morf  suoeuqa  so tul i .no  yehT  erew  
deziretcarahc  isu ng gninnacs  le e nortc  orcim s oc py, X-ray di noitcarff  na d deziralop  namaR  

ocsortceps py dna  eht ri  lacinahcem  seitreporp  denimreted  by elisnet  gnitset  dna  d cimany  
lacinahcem  amreht l an yla s si  [2]. ehT  GO w sa  f lu ly ex detailof  du ir ng t eh  nan o etisopmoc  
noitaraperp  ssecorp  oc fn demri  by eht  pasid p ecnarae  fo  eht  ch ra a citsiretc  OG  kaep  ni  X-ray 

id ff r ca .noit  The senffits s dna  yi dle  sserts  fo  eht  n setisopmocona  ew re of u dn  ot  saercni e htiw  
OG  idaol ng tub  eht  ex noisnet  ot  eruliaf  rced e desa . suludom evitceffe ehT  saw  ac l uc l deta  f mor  
eht  cimanyd  lacinahcem  ana l sisy  atad  F( i .g  )a1  us gni  eht  elur‘  fo  im x ’serut  dna  aw s dnuof  ot  

esaerced  htiw  OG  daol i gn  2[ ]. ehT  amaR n ps e artc  for taen  ,AVP  n ae t OG  na d a 1 %tw  
AVP/OG  tisopmoconan e era  hs o nw  ni  ( giF . .)b1  deziraloP  namaR  ocsortceps py htiw  VV  

noitaziralop  [2], ni  hcihw  eht  resal  smaeb  ew re p ellara l ot  x dna  z ,sexa  tcepser evi ly saw  desu  
ot  carahc t ezire  noitatneiro  fo  eht  OG  ni  t eh  etisopmoconan s. ralimiS  ot  tahw  sah  neeb  dnuof  

erofeb  htiw  ,etihparg  eht  namaR  dnab  isnetni ty noitairav  swohs  a soc~ 4 ecnedneped  no  
noitatneiro  an elg  htiw  the resal  b mae  pa lar l le  to t eh  x ax si  F( i .g  2a ,)  tub  s syat  tnatsnoc  nehw  

lellarap  ot  t eh  z .sixa  tI  saw  dedulcnoc  fereht ore taht  eht  OG  steletalponan  dednet  ot  eb  
engila d ni  ht e nalp e of eht  if ml .s  tI  saw  dnuof  taht  eht  aR m na  D b dna  at 1~ 3 53  mc -1 

detfihsnwod  sa  eht  setisopmoconan  erew  deniarts  sa  a tluser  fo  eht  laicafretni  sserts  refsnart  
lop eht neewteb y iF( ]2[ tnemecrofnier OG dna xirtam rem g  . b2 ). 
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Fig.1 GO/PVA nanocomposites. (a) Storage modulus with different loadings of GO and (b) Raman spectra. 

 
It was possible to estimate the effective Young’s modulus of the GO from the Raman D 

band shift rate per unit strain [2]. It was found to be of the order of 120 GPa, a similar value to 
that estimated value from dynamic mechanical testing. The accepted value is in excess of 200 
GPa and it is suggested that the lower effective Young’s modulus values determined may be 
due to a combination of finite flake dimensions, waviness and wrinkles, aggregation and mis-
alignment of the GO flakes. 

 
Fig. 2 Raman analysis of the GO/PVA nanocomposites. (a) Polar plots of the normalized intensity of the Raman 

D band and (b) Shift of the D band with strain. 

3 CONCLUSIONS 

A new insight has been obtained into the reinforcement of PVA by GO through the use of 
Raman spectroscopy. It has been shown that there is a preferred orientation of GO flakes in 
the plane of the nanocomposite film and that it is possible to use polarized Raman 
spectroscopy to quantify the levels of both orientation and reinforcement. It is clear that these 
materials have significant potential for engineering applications.  
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