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Carbon	  quantum	  dots	  directly	  generated	  from	  electrochemical	  
oxidation	  of	  graphite	  electrode	  in	  alkaline	  alcohols	  and	  the	  
applications	  for	  specific	  ferric	  ion	  detection	  and	  cell	  imaging	  
Mengli	  Liu1,a,	  Yuanhong	  Xu1,a,	  Fushuang	  Niua,	  J.	  Justin	  Goodingb*,	  Jingquan	  Liua*	  

Carbon	   quantum	   dots	   (CQDs)	   are	   attracting	   tremendous	   interest	   owing	   to	   their	   low	   toxicity,	   water	   dispersibility,	  
biocompatibility,	  optical	  properties	  and	  wide	  applicability.	  Herein,	  CQDs	  with	  an	  average	  diameterof	   (4.0	  ±	  0.2)	  nm	  and	  
high	  crystallinity	  were	  produced	  simply	  from	  the	  electrochemical	  oxidation	  of	  a	  graphite	  electrode	  in	  alkaline	  alcohols.	  The	  
as-‐formed	  CQDs	  dispersion	  was	  colourless	  but	   it	  gradually	  changed	   to	  bright	  yellow	  when	  stored	  at	   room	  temperature.	  
Based	   on	  UV-‐Vis	   absorption	   and	   fluorescence	   spectroscopy,	   X-‐ray	   photoelectron	   spectroscopy	   (XPS),	   Fourier	   transform	  
infrared	  spectroscopy	  (FTIR)	  and	  high-‐resolution	  transmission	  electron	  microscopy	  (HRTEM),	  this	  colour	  change	  appeared	  
to	   be	   due	   to	   oxygenation	   of	   surface	   species	   over	   time.	   Furthermore,	   the	   CQDs	   were	   used	   in	   specific	   and	   sensitive	  
detection	  of	  ferric	  ion	  (Fe3+)	  with	  broad	  linear	  ranges	  of	  10	  -‐	  200	  μM	  with	  a	  low	  limit	  of	  detection	  of	  1.8	  μΜ	  (S/N	  =	  3).	  The	  
application	  of	  CQDs	   for	  Fe3+	  detection	   in	   tap	  water	  was	  demonstrated	  and	   the	  possible	  mechanism	  was	  also	  discussed.	  
Finally,	  based	  on	  their	  good	  characteristics	  of	  low	  cytotoxicity	  and	  excellent	  biocompatibility,	  the	  CQDs	  were	  successfully	  
applied	  to	  cell	  imaging.	  

1. Introduction	  	  
Carbon	   quantum	   dots	   (CQDs),	   are	   a	   reasonably	   new	   kind	   of	  
fluorescent	  material	  with	  a	  diameter	  of	  less	  than	  10	  nm.1	  They	  
have	   attracted	   considerable	   interest	   owing	   to	   their	   good	  
biocompatibility,	   good	   cell	   permeability,	   low	   cytotoxicity,	  
excellent	   dispersibility	   in	   water,	   flexibility	   in	   surface	  
modification,	   chemical	   inertness	   and	   good	   optical	  
performance.2-‐4	   Thus,	   CQDs	   are	   considered	   as	   the	   next	  
generation	   of	   green	   nanomaterials	   contributing	   to	   numerous	  
promising	   potential	   applications	   including	  
photoelectrocatalysis,5-‐8	   targeted	   drug	   delivery,9,	   10	  
photovoltaic	  devices,11-‐13	  sensing	  and	  bio-‐imaging.14-‐17	  A	  range	  
of	  approaches	  for	  synthesizing	  CQDs,	  since	  their	  first	  report	  in	  
2004,18	   have	   been	   explored	   including	   electrochemical	  
oxidation,2,	  19,	  20	  chemical	  ablation,21-‐23	  microwave	  synthesis,24,	  
25	   solution	   chemistry,26	   laser	   ablation,18,	   27	   arc	   discharge	  
method,18	  organic	  carbonization.1,	  28-‐30	  Many	  of	  these	  methods	  
require	   relatively	   complicated	   procedures	   and	   stringent	  
conditions.	  Recently,	  electrochemical	  methods	  have	  begun	   to	  

be	   intensely	   explored	   for	   the	  preparation	  of	   CQDs	  owning	   to	  
advantages	   such	   as	   low	   cost,	   easy	   post-‐treatments,	   simple	  
operation,	  high	  yield	  and	  good	  reproducibility.20,	  31	  
Different	   electrode	   materials	   can	   be	   used	   in	   the	  

electrochemical	   generation	   of	   CQDs,	   such	   as	   graphite	   rod,	  
carbon	   nanotube,	   carbon	   paste,	   carbon	   fiber	   and	   Pt	   sheets	  
with	   the	   carbon	   source	   in	   electrolyte	   solution.5,	   20,	   32-‐34	  
Common	   electrolytes	   include	   ionic	   liquid	   (IL),	   acetonitrile	  
containing	   0.1	   M	   tetrabutylammonium	   perchlorate	   and	  
NaH2PO4.	   The	   electrode	   materials	   and	   electrolytes	   are	  
important	   as	   they	   can	   render	   the	   CQDs	   with	   different	  
properties	   related	   to	   surface	   states,	   cytotoxicity	   and	  
photoluminescence	   (PL)	   performance.2,	   24,	   35	   Despite	   these	  
achievements,	  there	  are	  still	  ongoing	  demands	  for	  developing	  
more	   facile	   and	   efficient	   electrochemical	   methods	   for	   CQDs	  
generation.	  	  
Inspired	   by	   the	   previous	   work,	   a	   graphite	   electrode,	   a	  

platinum	  foil	  electrode	  and	  a	  Ag/AgCl	  electrode	  were	  used	  as	  
working,	   counter,	   and	   reference	  electrodes,	   respectively,	   and	  
the	   alkaline	   alcohols	   (e.g.	   NaOH/EtOH)	   were	   used	   as	  
electrolyte	   to	   give	   a	   relatively	   economical	   and	   environment-‐
friendly	   electrochemical	   system	   for	   the	   generation	   of	   CQDs.	  
The	   colour	   of	   the	   CQDs	   was	   observed	   to	   change	   from	  
colourless	   to	   bright	   yellow	   when	   exposed	   to	   air	   at	   room	  
temperature.	   UV-‐Vis	   absorption	   spectra,	   fluorescence	  
spectrophotometer,	   X-‐ray	   photoelectron	   spectroscopy	   and	  
Fourier	  transform	  infrared	  spectroscopy	  suggested	  this	  colour	  
change	   was	   due	   to	   oxidation	   of	   the	   CQDs.	   In	   addition,	   the	  
obtained	   CQDs	   were	   employed	   for	   the	   specific	   and	   sensitive	  
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detection	   of	   ferric	   ions	   (Fe3+)	   in	   tap	   water	   as	   well	   as	   for	  
efficient	  cell	  imaging.	  

2. Experimental	  
2.1	  Reagents	  

Ethanol	   (AR),	   sodium	  hydroxide	   (AR),	  methanol	   (AR),	   butanol	  
(AR),	   acetone	   (AR),	   potassium	   phosphate	   monobasic	   (99.5%,	  
AR),	  potassium	  phosphate	  dibasic	  (99%,	  AR),	  sulfuric	  acid	  (98%,	  
AR),	   hydrochloric	   acid	   (37%,	   AR)	   and	   carbon	   dioxide	   were	  
obtained	  from	  Shangdong	  Laiyang	  Economic	  and	  Technological	  
Development	   Zone	   Chemical	   Plant	   (Shandong,	   China).	   Silver	  
nitrate,	   mercuric	   nitrate,	   3-‐[4,5-‐	   dimethylthiazol-‐2-‐yl]-‐2,5-‐
diphenyltetrazolium	   bromide	   (MTT),	   dimethyl	   sulfoxide	  
(DMSO),	   and	   quinine	   sulfate	   were	   purchased	   from	   Aladdin	  
Reagent	  Co.,	  Ltd	  (Shanghai,	  China).	  Aluminum	  chloride,	  sodium	  
sulfate,	   chromium	   acetate,	   ferric	   chloride,	   copper	   chloride,	  
cobalt	   chloride,	   ferrous	   chloride,	   magnesium	   chloride,	   lead	  
acetate,	  manganese	   chloride,	   zinc	   chloride	   and	   nickel	   nitrate	  
were	   obtained	   from	   Tianjin	   Reagent	   Co.,	   Ltd	   (Tianjin,	   China).	  
The	  graphite	  electrode,	  a	  platinum	  foil	  electrode	  and	  Ag/AgCl	  
(3.0	   M	   NaCl)	   electrode	   were	   purchased	   from	   Tianjin	   Aida	  
Hengsheng	   Technology	   Co.	   Ltd.	   (Tianjin,	   China).	   Ultrapure	  
water	   was	   produced	   using	   a	   Flom	   ultrapure	   water	   system	  
(Qingdao,	  China).	  
	  
2.2 Apparatus	  

All	   electrochemical	   measurements	   were	   performed	   with	   a	  
conventional	   three-‐electrode	   cell	  with	  a	  CHI	  760D	  electrochemical	  
workstation	   (CH	   Instruments,	   Shanghai,	   China).	   A	   graphite	  
electrode,	   a	   platinum	   foil	   electrode	   and	   an	   Ag/AgCl	   (3.0	  M	   NaCl)	  
electrode	   were	   used	   as	   the	   working,	   counter	   and	   reference	  
electrodes,	  respectively.	  All	  potentials	  were	  carried	  out	  in	  a	  one-‐
compartment	  electrochemical	  cell	  at	  room	  temperature.	  The	  UV-‐Vis	  
spectra	   of	   samples	   were	   recorded	   on	   a	   UV-‐Vis-‐NIR	  
spectrophotometer	   (Lambda	   950,	   Perkin	   Elmer	   Instruments).	  
Fourier	   transform	   infrared	   (FTIR)	   spectra	   were	   carried	   out	   on	   a	  
Nicolet	  Nexus	  5700	   (Thermo	  Electron	  Corporation,	  USA)	  using	  KBr	  
pellets.	   The	   fluorescence	   was	   measured	   on	   a	   Cary	   Eclipse	  
Fluorescence	   spectrophotometer	   (Varian	   Co.,	   Australia).	   The	  
excitation/emission	   slits	   were	   set	   at	   5.0	   ×	   5.0	   nm.	   X-‐ray	  
photoelectron	   spectroscopy	   (XPS)	   data	   were	   obtained	   on	   an	  
ESCALab220i-‐XL	  electron	  spectrometer	  (VG	  Scientific,	  West	  Sussex,	  
U.K.)	   using	   300	   W	   Al	   Kα	   radiation.	   Transmission	   electron	  
microscopy	   (TEM)	   images	   were	   obtained	   with	   a	   FEI	   TECNAI	   G2	  
transmission	   electron	   microscope	   (Eindhoven,	   Netherlands)	  
operating	  voltage	  of	  120	  kV.	  
	  
2.3	  Electrochemical	  Synthesis	  of	  CQDs	  

The	   preparation	   of	   CQDs	   was	   carried	   out	   with	   a	   three-‐
electrode	   system	   consisting	   of	   a	   graphite	   electrode	   working	  
electrode,	   a	   platinum	   foil	   counter	   electrode	   and	   an	   Ag/AgCl	  
reference	  electrode.	  Ethanol	  (35	  mL),	  water	  (8	  mL),	  and	  NaOH	  
(0.03	   g)	   mixed	   to	   obtain	   the	   electrolyte.	   The	   potentiostatic	  
voltage	   of	   5	   V	   was	   applied	   to	   the	   working	   electrode	   for	   3	   h	  

under	  the	  nitrogen	  ambient	  (see	  Scheme	  1).	  The	  excess	  NaOH	  
precipitate	  was	  removed	  by	  centrifugation	  and	  homogeneous	  
CQDs	   dispersion	   was	   obtained.	   The	   original	   concentration	   of	  
the	   CQDs	   (500	   μg	  mL-‐1)	   was	   calculated	   based	   on	   the	   weight	  
loss	  of	  the	  graphite	  electrode	  and	  the	  final	  dispersion	  volume.	  
The	   dispersion	   was	   kept	   at	   4	   ◦C	   or	   at	   room	   temperature,	  
respectively.	  
	  
2.4	  Quantum	  yield	  measurements	  

Quantum	   yield	   of	   the	   CQDs	   was	   determined	   on	   the	   basis	   of	  
previously	   established	   procedure.	   Typically,	   quinine	   sulfate	  
(literature	  quantum	  yield	  0.54)	  in	  0.1	  M	  H2SO4	  was	  chosen	  as	  a	  
standard	  as	  described.23,	  36	   In	  order	  to	  minimize	  re-‐absorption	  
effects,	   the	  absorbance	  of	   the	  aqueous	   solution	  of	  CQDs	  and	  
reference	  sample	  were	  kept	  below	  0.10	  and	  0.05	  when	  excited	  
at	  360	  nm.	  Quinine	  sulfate	  was	  dissolved	  in	  0.1	  M	  H2SO4	  while	  
the	  CQDs	  were	  dissolved	  in	  ethanol.	  The	  quantum	  yield	  of	  the	  
CQDs	  was	  calculated	  using	  the	  equation	  below:37	  

2

2( )( )X X
X

ST ST

Grad
Grad

η
η

= STφ φ
 

Where	   the	   subscripts	   ST	   and	   X	   refer	   to	   quinine	   sulfate	   and	  
CQDs	   respectively,	   Φ	   represents	   the	   fluorescence	   quantum	  
yield.	  Grad	  represents	  the	  gradient	  from	  the	  plot	  of	  integrated	  
fluorescence	   intensity	   vs.	   absorbance,	   and	   η	   the	   refractive	  
index	  of	  the	  solvent.	  
	  
2.5	  Detection	  of	  Fe3+	  in	  tap	  water	  
The	   tap	   water	   sample	   was	   acidified	   by	   diluted	   with	   hydrochloric	  
acid	  prior	  to	  analysis.	  Fe3+	  at	  different	  concentrations	  (0,	  10,	  20,	  30	  
and	   40	   μM)	  was	   spiked	   into	   the	   tap	  water	   containing	   20	   μg	  mL-‐1	  
bright	   yellow	   CQDs,	   respectively.	   The	   PL	   intensity	   of	   the	   spiked	  
sample	  was	  then	  recorded	  accordingly.	  The	  decrease	  in	  PL	  intensity	  
(ΔI	   =	   I0	   -‐	   Ii)	   was	   plotted	   against	   the	   spiked	   Fe

3+	   concentration	   to	  
obtain	   a	   calibration	   curve.	   The	   concentration	   of	   Fe3+	   in	   tap	  water	  
was	  calculated	  based	  on	  the	  absolute	  value	  of	  x-‐intercept	  from	  the	  
calibration	   curve.	   The	   reproducibility	   of	   the	   analysis	   method	   was	  
determined	   by	   measuring	   the	   relative	   standard	   deviations	   of	  
replicate	  measurements	  (n	  =	  3).	  
	  
2.6	  The	  intracellular	  uptake	  of	  CQDs,	  bio-‐imaging	  and	  MTT	  assays	  

Bamboo	  fibre	  cells	  (106	  cells	  per	  sample)	  were	  plated	  onto	  35	  
mm	   glass	   chamber	   slides.	   The	   bright	   yellow	   CQDs	   dispersion	  
was	   firstly	   distilled	   to	   remove	   the	   ethanol	   and	   diluted	   in	  
deionized	  water.	  Then	  the	  pH	  of	  the	  final	  CQDs	  dispersion	  was	  
adjusted	  to	  7.4.	  CQDs	  dispersion	  at	  concentration	  of	  50	  μg	  mL-‐
1	   in	   DMEM	  were	   then	   freshly	   prepared	   and	   placed	   over	   the	  
cells	   for	   1	   h	   at	   37	   ◦C.	   Subsequently	   the	   cells	   were	   washed	  
thoroughly	  three	  times	  with	  PBS	  to	  remove	  extracellular	  CQDs.	  
Finally,	   the	   cellular	   images	   were	   taken	   by	   a	   Leica	   TCS	   SP2	  
confocal	   laser	   scanning	   microscope	   (CLSM)	   (Leica	  
Microsystems	   Heidelberg	   GmbH,	   Germany)	   with	   excitation	  
wavelength	  at	  365	  nm.	  
MTT	   assays	  were	   used	   to	   evaluate	   the	   CQDs	   doses	   on	   the	  

viability	  of	  the	  bamboo	  fibre	  cells.	  The	  cells	  were	  treated	  with	  
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various	  concentrations	  of	  CQDs	  (0,	  20,	  50,	  100,	  150,	  200,	  250	  
μg	   mL-‐1)	   in	   fresh	   DMEM	   for	   24	   h.	   Treated	   cells	   were	   added	  
with	  DMEM	  containing	  MTT	  (10	  mL,	  5	  mg	  mL-‐1	  in	  PBS	  solution)	  
and	  further	  incubated	  at	  5%	  CO2,	  37	  ◦C	  for	  4	  h.	  Then,	  the	  MTT	  
containing	  medium	  was	  added	  to	  each	  well	  with	  100	  μL	  DMSO	  
to	   solubilize	   the	   formazan	   crystals	   precipitate.	   Viability	   of	  
untreated	  control	  cells	  was	  arbitrarily	  defined	  as	  100%.	  Finally,	  
the	   absorption	   at	   365	   nm	   of	   each	  well	   was	  measured	   by	   an	  
EL808	   ultramicroplate	   reader	   (Bio-‐TEK	   Instrument,	   Inc.,	  
Winooski,	  VT,	  USA).	  

3. Results	  and	  discussion	  
3.1	  CQDs	  generation	  via	  the	  electrochemical	  oxidation	  of	  the	  GE	  

As	  shown	  in	  scheme	  1,	  the	  CQDs	  were	  generated	  via	  a	  three-‐
electrode	   system,	   where	   graphite	   electrode	   was	   used	   as	  
working	  electrode,	  a	  platinum	   foil	   as	   counter	  and	  an	  Ag/AgCl	  
electrode	   as	   reference,	   respectively.	   Alkaline	   alcohol	   (e.g.	  
NaOH/EtOH)	   was	   used	   as	   electrolyte.	   When	   a	   constant	  
potential	  of	  5	  V	  was	  applied	   to	   the	  working	  electrode	   for	  3	  h	  
under	   the	   nitrogen	   ambient,	   the	   colourless	   CQDs	   dispersion	  
was	   obtained.	   During	   the	   process	   of	   the	   electrochemical	  
oxidation	   for	   CQDs	   generation,	   the	   electrolyte	   remained	  
colourless	   and	   the	   surface	   of	   the	   graphite	   electrode	   did	   not	  
expand	   substantially.	   This	   phenomenon	   was	   in	   contrast	   to	  
previous	   reports,	   where	   brown	   CQDs	   dispersion	   and	   an	  
expanded	  electrode	  were	  observed	  when	   the	  graphite	   rod	  or	  
other	   carbon	   materials	   were	   used	   as	   working	   electrode.38	   A	  
detailed	   comparison	   of	   methods	   for	   producing	   CQDs	  
electrochemically	  is	  shown	  in	  Table	  S1.	  It	  can	  be	  seen	  that	  the	  
EC	   method	   using	   alkaline	   alcohol	   as	   electrolyte	   is	   relatively	  
green,	   low-‐cost	   and	   reproducible	   for	   CQDs	   generation.	  
However,	  when	  the	  colourless	  dispersion	  of	  CQDs	  was	  stored	  
at	   room	   temperature,	   the	   colour	   of	   the	   dispersion	   slowly	  
turned	   bright	   yellow.	   Nevertheless,	   the	   dispersion	   was	   still	  
colourless	   if	   stored	   at	   4	   ◦C.	   The	   influence	   of	   different	   applied	  
potentials	  (3V,	  5V	  and	  7V,	  respectively)	  on	  the	  preparation	  of	  CQDs	  
was	   investigated.	   It	  was	   found	   that	   higher	   applied	  potential	   could	  
result	  in	  larger	  CQDs.	  As	  can	  be	  seen	  in	  Fig.	  S1,	  the	  average	  sizes	  of	  
the	  CQDs	  obtained	  at	  3	  V	  and	  7	  V	  were	  2.9	  ±	  0.3	  nm	  and	  5.2	  ±	  0.6	  
nm,	  respectively,	   indicating	  that	  the	  applied	  potential	  played	  a	  key	  
role	  in	  controlling	  the	  size	  of	  the	  C-‐dots.	  When	  the	  applied	  potential	  

was	  controlled	  at	  3	  V,	  longer	  synthesis	  time	  of	  12	  h	  was	  needed	  to	  
generate	  CQDs	  because	  of	  the	  lower	  current.	  When	  the	  potential	  of	  
7	   V	   was	   applied,	   the	   current	   was	   much	   higher,	   causing	   a	   faster	  
volatilization	  of	  ethanol.	  The	  quantum	  yields	  of	  the	  bright	  yellow	  
CQDs	   generated	   at	   3	   V,	   5	   V	   and	   7	   V	   were	   9.5%,	   11.2%	   and	  
4.6%,	   respectively.	   Therefore,	   5	   V	   was	   found	   to	   be	   the	   most	  
suitable	  potential	  for	  the	  preparation	  of	  CQDs.	  
To	   further	   confirm	  whether	   the	   CQDs	  were	   generated	   from	  
graphite	   electrode	   or	   from	   other	   carbon	   elements	   in	   the	  
electrolyte,	   several	   control	   experiments	   were	   performed.	   It	  
was	   found	   that	  CQDs	  were	  also	  obtained	   in	  methanol/NaOH,	  
butanol/NaOH,	  but	  not	  in	  Na2SO4/ethanol,	  acetone/NaOH,	  PBS	  
(PH=7.0)/ethanol	   or	   hydrochloric	   acid/ethanol.	   These	   results	  
suggested	   that	   both	   the	   alcohols	   and	   the	  OH－	   groups	  played	  
important	   roles	   in	   the	   process	   of	   CQDs	   formation.5,	   34	  When	  
platinum	   foils	   or	   two	   gold	   rods	   were	   used	   as	   working	  
electrodes,	   no	   CQDs	   was	   obtained	   under	   the	   same	  
electrochemical	   conditions,	   although	   there	   is	   a	   report	   of	   the	  
formation	   of	   CQDs	   in	   low-‐molecular-‐weight	   alcohol	  
electrolytes	   using	   Pt	   as	   working	   electrode.34	   Taken	   together,	  
the	  above	   results	   indicated	   that	   the	   carbon	   source	  of	   the	  as-‐
prepared	  CQDs	  came	  from	  the	  graphite	  electrode.	  
During	   the	   electrochemical	   reactions,	   gases	   were	   produced	   on	  

both	   the	   anode	   and	   cathode	  due	   to	  water	   splitting,	  which	  usually	  
takes	   place	   at	   a	   potential	   reaching	   1.23	   V	   in	   moderately	  
concentrated	   salt	   solutions.	   Nevertheless,	   active	   intermediates,	  
such	   as	   hydroxyl	   radicals	   (•OH)	   can	   also	   be	   generated	   on	   the	  
graphite	  interfaces	  at	  the	  high	  anodic	  overpotential	  (e.g.,	  5	  V).	  The	  
electrochemical	  reactions	  may	  occur	  as	  follows:	  39,40	  
Anode:	  2OH-‐	  -‐	  2e-‐→	  H2O	  +	  1/2O2	  	  

OH-‐-‐	  e	  -‐→	  •OH	  
Cathode:	  2H2O	  +	  e

-‐	  →	  2OH-‐	  +	  H2	  
The	   generated	   hydroxyl	   radicals	   corrode	   the	   GE	   at	   the	   edges.	  

These	   radicals	   produced	   in	   alkaline	   electrolyte	   without	   alcohols	  
are	   nonselective	   and	   highly	   active,	   causing	   the	   fast	   exfoliation	   of	  
the	   larger-‐size	   graphite	   sheets	   from	   graphite.	   Upon	   addition	   of	  
alcohols,	   the	  activity	  of	   the	   radicals	   can	  be	  moderately	   controlled,	  
leading	   to	   the	   smooth	   generation	   of	   CQDs.41-‐43	   As	   a	   result,	   the	  
CQDs	   with	   hexagonal	   lattice	   structure	   could	   be	  
electrochemically	  exfoliated	  from	  GE.	  
	  
3.2 Characterizations	  of	  the	  as-‐prepared	  CQDs	  

To	   confirm	   the	   CQDs	   formation	   and	   explore	   the	   reasons	   for	  
the	  colour	  change	  upon	  different	  storage	  conditions,	  a	  variety	  
of	  methods	   to	   characterize	   the	   CQDs	  were	   performed.	   Fig.	   1	  
showed	   the	   typical	   transmission	   electron	   microscopy	   (TEM)	  
images	  and	  size	  distributions	  of	  colourless	  (Fig.	  1A	  and	  1C)	  and	  
bright	   yellow	   (Fig.	   1D	   and	   1F)	   CQDs,	   respectively.	   The	   TEM	  
images	  confirmed	  the	  formation	  of	  CQDs	  and	  revealed	  that	  the	  
as-‐synthesized	  colourless	  CQDs	  were	  monodispersed	   (Fig.	  1A)	  
with	  an	  average	  diameter	  of	   (4.0	  ±	  0.2)	  nm	   (n=200)	   (Fig.	  1C).	  
Compared	   with	   the	   colourless	   ones,	   the	   bright	   yellow	   CQDs	  
gave	  two	  size	  distributions.	  One	  was	  from	  individual	  dispersed	  
CQDs	   and	   the	   other	   caused	   by	   some	   aggregation	   of	   CQDs	  
(shown	   in	   Fig.	   1D)	  with	   average	   size	   of	   (8	   ±	   0.3)	   nm	   (n=200)	  
(Fig.	  1F).	  The	  high-‐resolution	  TEM	  (HRTEM)	  images	  are	  shown	  

	  

	  
Scheme	   1	   Schematic	   illustration	   for	   CQDs	   generation	   via	   electrochemical	  
oxidation	   of	   graphite	   electrode	   in	   alkaline	   alcohols	   and	   colour	   change	   of	  
the	  dispersion	  upon	  storage	  at	  room	  temperature.	  
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in	  Fig.	  1B	  and	  Fig.	  1E.	  It	  can	  be	  seen	  that	  the	  as-‐prepared	  CQDs	  
were	   of	   high	   crystallinity	   and	   the	   lattice	   spacing	  was	   around	  
0.31	  nm	  in	  the	  crystalline	  structures	  of	  the	  CQDs,	  which	  agrees	  
well	  with	  the	  <002>	  spacing	  of	  graphitic	  carbon.44,	  45	  
FTIR	   and	   XPS	   analyses	   were	   performed	   to	   investigate	   the	  

surface	   functional	   groups	   of	   CQDs.	   As	   shown	   in	   Fig.	   2A,	   the	  
absorption	   peaks	   at	   ~3438	   cm-‐1,	   ~1634	   cm-‐1	   and	   ~1384	   cm-‐1	  
should	   be	   assigned	   to	   stretching	   vibrations	   (υ)	   of	   O-‐H,	   C=O	  
andbending	  vibrations	  (δ)	  of	  C-‐H,	  respectively.	  The	  absorption	  

peak	  at	  1150	  cm-‐1	  should	  be	  attributed	  to	  stretching	  vibrations	  
(υ)	  of	  C-‐O-‐C.	  The	  relative	  intensity	  of	  υC=O	  and	  δC-‐H	  in	  the	  bright	  
yellow	   dispersion	   were	   higher	   compared	   with	   that	   of	   the	  
colourless	   suspension,	   suggesting	   that	   the	   surface	   oxidation	  
degree	  of	  the	  bright	  yellow	  dispersion	  was	  higher	  than	  that	  of	  
colourless	   one.	   Moreover,	   XPS	   was	   used	   to	   monitor	   the	  
surface composition	  of	  the	  CQDs.	  There	  were	  three	  significant	  
peaks	  corresponding	  to	  elemental	  species	  C,	  O,	  and	  Na	  in	  the	  
survey	  spectra	  (Fig.	  2B).	  Fig.	  2C	  and	  Fig.	  2D	  are	  the	  XPS	  spectra	  
of	  the	  colorless	  and	  bright	  yellow	  CQDs,	  respectively.	  The	  C1s	  
spectrum	  can	  be	  deconvoluted	  into	  three	  peaks,	  among	  which	  
the	  peaks	  centered	  at	  284.7	  or	  284.8	  eV	  should	  be	  attributed	  
to	  graphitic	  sp2	  carbon	  atoms,	  and	  those	  centered	  at	  286.5	  or	  
286.7	  eV	  and	  288.5	  or	  289.5	  eV	  can	  be	  attributed	  to	  C-‐O	  and	  
C=O,	   respectively.2,	  16,	  23	   As	   shown	   in	   Fig.	   3C	   and	   Fig.	   3D,	   the	  
intensity	  ratio	  between	  O	  and	  C	  content	  on	  the	  surface	  of	  the	  
bright	  yellow	  CQDs	  was	  higher	  than	  that	  of	  the	  colourless	  one,	  
indicating	  the	  higher	  oxygen	  content	  on	  the	  CQDs	  in	  the	  bright	  
yellow	  suspensions	  than	  in	  the	  colourless	  one.	  The	  XPS	  analysis	  
results	   are	   consistent	   with	   the	   FTIR	   ones.	   These	   results	  
indicate	  that	  the	  CQDs	  were	  more	  easily	  oxidized	  at	  the	  room	  
temperature,	  producing	  oxygen-‐containing	  groups	  (e.g.-‐COOH)	  
on	   CQDs.	   At	   lower	   temperature	   (e.g.	   4	   °C)	   the	   colour	   of	   the	  
dispersion	   did	   not	   change	   over	   the	   same	   time	   owing	   to	   less	  
oxidation	   of	   CQDs.	   Thus	   the	   temperature	   was	   a	   determining	  
factor	   for	   the	   oxidation	   of	   CQDs.	   Meanwhile,	   the	   carboxyl	  
groups	  formed	  by	  the	  oxidation	  invokes	  more	  n→	  π*	  transition	  
and	  makes	   the	  wavelength	  of	   the	  maximum	  absorption	  peak	  
shift	  to	  the	  range	  of	  visible	  light.	  This	  is	  one	  of	  the	  reasons	  why	  
the	  colour	  of	  the	  CQDs	  dispersion	  changed	  from	  colourless	  to	  
yellow	  upon	  oxidation	  in	  storage	  at	  room	  temperature.	  
Fig.	   3	   depicts	   the	   UV-‐Vis	   and	   fluorescence	   spectra	   of	   the	  

resultant	  CQDs	   in	  aqueous	   solutions.	  Both	   the	   colourless	   and	  
bright	  yellow	  CQDs	  dispersion	  revealed	  good	  dispersibility,	  and	  
displayed	   bright	   blue	   luminescence	   under	   365	   nm	   UV	  

	  

	  
	  

Fig.	   2	   (A)	   FT-‐IR	   spectra	   of	   (a)	   colourless	   dispersion	   and	   (b)	   bright	   yellow	  
dispersion	  of	  CQDs.	   (B)	  The	   survey	  XPS	   spectra	   for	  CQDs	   in	   (a)	   colourless	  
dispersion	  and	   (b)	   bright	   yellow	   suspension.	   Fitting	  of	  C1s	  XPS	   spectra	  of	  
(C)	   colourless	   dispersion	   and	   (D)	   bright	   yellow	   dispersion	   of	   CQDs,	  
respectively.	  

	  
	  
	  

	  
	  

Fig.	  1	  (A,	  D)	  TEM	  and	  (B,	  E)	  HRTEM	  imagesas	  well	  as	  (C,	  F)	  size	  distribution	  
of	  the	  colourless	  and	  bright	  yellow	  CQDs,	  respectively.	  

	  

	  
	  
Fig.	  3	  UV-‐vis	  absorption	  spectra	  and	  the	  corresponding	  photographs	  of	  the	  
colourless	  CQDs	  dispersion	  (A)	  and	  bright	  yellow	  one	  (B)	  under	  room	  light	  
(inset,	   left)	   and	   upon	   irradiation	   with	   365	   nm	   UV	   light	   (inset,	   right),	  
respectively.	   Emission	   (Em)	   spectra	   at	   progressively	   increasing	   excitation	  
wavelengths	   from	  290	  nm	  to	  400	  nm	  and	  excitation	   (Ex)	   spectrum	  of	   the	  
colourless	  CQDs	  dispersion	  (C)	  and	  bright	  yellow	  one	  (D),	  respectively.	  
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irradiation,	   which	   evidenced	   that	   the	   CQDs	   possessed	   good	  
optical	   properties.	   Furthermore,	   both	   the	   CQDs	   exhibited	  
typical	  UV/Vis	  absorption	  at	  280	  nm	  which	   could	  be	  ascribed	  
to	  the	  π→π*	  transition	  of	  the	  aromatic	  sp2	  domain	  within	  the	  
CQDs.16,	   20	   However,	   there	   was	   another	   relatively	   strong	  
absorption	  at	  380	  nm	   for	   the	  bright	  yellow	  CQDs	  suspension,	  
which	   should	   be	   resulted	   from	   the	   n→π*	   transition	   of	   C=O	  
band,46	   indicating	   the	   increased	   degree	   of	   oxidation	   of	   the	  
CQDs	  from	  the	  bright	  yellow	  suspension.	  

The	  typical	  PL	  emission	  spectra	  of	  the	  CQDs	  under	  different	  
excitation	   wavelengths	   are	   shown	   in	   Fig.	   3C	   and	   3D.	   The	  
maximum	  fluorescence	  emissions	  appeared	  at	  436	  and	  438	  nm	  
for	   the	   colourless	   and	   bright	   yellow	   CQDs	   suspensions,	  
respectively,	   when	   excited	   at	   365	   nm.	   In	   addition,	   the	  
intensities	   of	   both	   the	   two	   CQDs	   suspensions	   exhibited	  
excitation-‐dependent	   PL	   behaviors,	   which	   first	   increased	   and	  
then	   decreased	   with	   increasing	   excitation	   wavelength	   from	  
290	   to	   400	   nm.	   Interestingly,	   the	   maximum	   emission	  
wavelength	  of	  these	  two	  kinds	  of	  CQDs	  suspensions	  remained	  
constant	  with	  the	  excitation	  wavelength	  changing,	  showing	  the	  
λex-‐independent	   emission	   behavior,	   which	   should	   be	  
attributed	   to	   the	   lower	   degree	   of	   oxidation	   on	   the	   graphite	  
electrode	   in	   the	   mild	   reaction	   ambient	   herein.2,	   5,	   33	   This	   is	  
consistent	   with	   the	   previous	   results	   that	   the	   surface	   states	  
rising	  from	  the	  surface	  oxidation	  prominently	  impacted	  the	  PL	  
properties.33	   Surface	   oxidation	   was	   found	   to	   be	   able	   to	  
generate	   surface	   defects	   of	   CQDs,47,	  48	   which	  would	   result	   in	  
more	   complex	   surface	   states	   of	   the	   CQDs	   to	   trap	   more	  
excitons	   under	   excitations.	   Consequently,	   the	   radiative	  
recombination	   of	   trapped	   excitons	   would	   generate	   the	  
fluorescence	  emission	  with	  corresponding	  energy,	  which	  led	  to	  
the	   red-‐shifted	   i.e.	   λex-‐dependent	   emission.	   Meanwhile,	   the	  
graphite	  electrode	  with	  a	  lower	  degree	  of	  surface	  oxidation	  is	  
expected	  to	  exhibit	   fluorescence	  emissions	  with	  fewer	  energy	  
bands	   at	   different	   excitations,	   thus	   the	   as-‐prepared	   CQDs	  
herein	   behaved	   the	   λex-‐independency	   behavior.1,	   4,	   33	  
Compared	  with	  the	  colourless	  CQDs	  (Fig.	  3C),	  more	  peaks	  were	  
observed	  in	  the	  emission	  spectrum	  for	  the	  bright	  yellow	  CQDs	  
(Fig.	   3D),	  which	   should	   be	   due	   to	   the	   change	   of	   particle	   size	  
distributions	   upon	   storage	   at	   room	   temperature	   (Fig.	   1C	   and	  
1F).49	  
	  
3.3	  Applications	  	  

In	   addition	   to	   the	   distinct	   optical	   properties,	   the	   obtained	  
CQDs	   also	   exhibited	   good	   stability.	   Even	   after	   being	   kept	   for	  
three	   month	   at	   room	   temperature,	   they	   still	   showed	   a	  
transparent	  appearance	  and	  strong	  PL	  intensity.	  Therefore,	  the	  	  
CQDs	   possessed	   good	   potentials	   as	   nanoparticles	   in	   bio-‐
imaging,	  optical	  sensing	  and	  biological	   labeling.	  Subsequently,	  
we	   demonstrated	   the	   application	   of	   the	   CQDs	   in	   metal	   ion	  
detection	  and	  cell	  imaging.	  
	  
3.3.1	  Specific	  ferric	  ion	  (Fe3+)	  detection	  

The	   impact	   of	   different	   metal	   ions	   (all	   at	   120	   μM)	   including	  
Fe2+,	   Fe3+,	   Hg2+,	   Mg2+,	   Mn2+,	   Co2+,	   Ni2+,	   Ag+,	   Al3+,	   Cd2+,	   Cu2+,	  
Pb2+,	  Zn2+	  on	  the	  PL	  intensity	  of	  the	  CQDs	  was	  studied.	  Before	  

performing	   the	   experiment,	   the	   CQDs	   suspensions	   were	  
adjusted	   to	   acidic	   conditions	   (pH	   =	   6.0),	   in	   which	   the	   metal	  
ions	  can	  exist	   in	  their	   free	  forms.	  The	  fluorescence	   intensities	  
of	  CQDs	  were	   significantly	  decreased	   in	   the	  presence	  of	   Fe3+,	  
while	  the	  other	  ions	  displayed	  weak	  or	  even	  negligible	  effects	  
on	   their	   fluorescence	   intensities	   (Fig.	  4A).	  These	  observations	  
reflected	  that	  the	  fluorescence	  of	  CQDs	  have	  specific	  response	  
to	  Fe3+,	  and	  therefore	  could	  be	  used	  for	  the	  assay	  of	  Fe3+.	  	  

The	   fluorescence	   intensities	  of	  CQDs	  upon	  the	  addition	  of	  
different	  concentrations	  of	  Fe3+	  ranging	  from	  0	  to	  400	  μM	  are	  
shown	  in	  Fig.	  4B.	  Fig.	  4C	  plots	  the	  quenched	  PL	  intensity	  (ΔI	  =	  I0
－ Ii)	   of	   CQDs	   against	   the	   Fe

3+	   concentrations	   (C).	   A	   linear	  
dependence	  of	  ΔI	  on	  the	  concentration	  of	  Fe3+	  from	  10	  to	  200	  
μM	   was	   derived,	   with	   a	   linear	   regression	   equation	   of	   ΔI	   =	  
1.09C	  +	  11.50	  and	   correlation	   coefficient	  of	   0.9944.	   The	   limit	  
of	   detection	   (LOD)	   for	   Fe3+	   was	   figured	   out	   to	   be	   1.8	   μM	  
(S/N=3),	   which	   is	   comparable	   to	   the	   sensitivity	   of	   some	  
previous	   reports50,51.	   Moreover,	   the	   method	   has	   the	  
advantages	   of	   a	   wide	   linear	   range	   and	   a	   simple	   preparation	  
procedure.52	  
The	   applicability	   of	   the	   proposed	   methods	   in	   real	   sample	  

analysis	  was	   evaluated	   using	   a	   standard	   addition	  method	   for	  
detection	  of	  Fe3+	  in	  tap	  water	  (Fig.	  4D).	  The	  RSD	  was	  0.36%	  for	  
3	  replicate	  measurements	  for	  the	  PL	  intensity	  of	  the	  tap	  water	  
sample	   spiked	   with	   5	   μM	   Fe3+,	   indicating	   the	   good	  
reproducibility	   of	   the	   proposed	   method.	   Satisfactory	  
recoveries	   between	   96.3%	   and	   107%	   were	   obtained.	   Linear	  
relationship	   (ΔI	   =	   3.2	   +	   1.38C,	   R	   =	   0.9859)	  was	   achieved	   and	  
the	  Fe3+	  concentration	  in	  tap	  water	  was	  measured	  to	  be	  2.3±
0.1	  μM	  (n=3),	  a	  value	  which	   is	  very	  close	   to	   that	  obtained	  by	  
atomic	   absorption	   spectrophotometery	   (AAS)	   analysis	   ((2.5±
0.2	  μM	  (n=3)).	  The	  AAS	  procedure	  is	  outlined	  in	  the	  Supporting	  

	  
	  
Fig.	   4	   (A)	   Remained	  percentage	  of	   the	  PL	   intensity	   of	   bright	   yellow	  CQDs	   after	  
addition	  of	  different	  metal	  ions	  (all	  at	  120	  µM)	  in	  acidic	  conditions	  (pH	  =	  6.0).	  (B)	  
PL	   intensity	   of	   bright	   yellow	   CQDs	   in	   the	   presence	   of	   Fe3+	   ions	   at	   different	  
concentrations	   from	   0	   to	   200	   µM.	   The	   arrow	   indicates	   the	   change	   of	  
concentration.	   (C)	  Plot	  of	  quenched	  PL	   intensity	   (△I	   =	   Io-‐Ii)	   of	  CQDs	  against	   the	  
Fe3+concentrations.	   (D)	   Detection	   of	   Fe3+	   ion	   in	   tap	   water	   using	   a	   standard	  
addition	  method.	  Excitation	  at	  370	  nm	  was	  applied.	  Error	  bars	  indicate	  standard	  
deviations	  of	  the	  means	  (n=3).	  	  
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Information.	   The	   assay	   shows	   good	   selectivity,	   accuracy	   and	  
reproducibility	  for	  Fe3+	  detection	  in	  real	  samples.	  
The	  PL	  quenching	  of	  CQDs	  by	  Fe3+	  should	  be	  ascribed	  to	  the	  

specific	   affinity	   between	   Fe3+	   and	   the	   oxygen-‐containing	  
functional	  groups	  such	  as	  carboxylic	  or	  hydroxyl	  groups	  on	  the	  
surface	   of	   the	   CQDs.	   The	   interaction	   between	   the	   CQDs	   and	  
Fe3+	   resulted	   in	   CQDs	   aggregation,	   which	   appears	   to	   have	  
caused	  the	  quenching	  of	  the	  CQD’s	  PL	  (Fig.	  5A).53,	  54	  When	  Fe3+	  
was	  added	   to	   the	  CQDs	   suspension,	   the	  aggregation	  of	  CQDs	  
was	   observed	   as	   evidenced	   by	   TEM	   image	   (Fig.	   5B).	   The	  
average	   diameter	   of	   the	   aggregated	   CQDs	   was	   14	   ±	   0.8	   nm,	  
which	   was	   three	   times	   larger	   than	   that	   of	   the	   original	  
precursor.	  A	  yellow	  precipitate	  was	  also	  observed	  upon	  further	  
storage	   of	   the	   Fe3+-‐containing	   CQDs	   suspension	   for	   8	   h	   (Fig.	  
5C-‐a).	  Under	  irradiation	  with	  365	  nm	  UV	  light,	  the	  blue	  light	  of	  
the	   supernatant	   (Fig.	   5C-‐b)	   faded	   noticeably	   compared	   with	  
that	  of	  original	  CQDs	  suspension	  (Fig.	  5C-‐c).	  FTIR	  spectroscopy	  
was	   also	   performed	   in	   an	   attempt	   to	   identify	   any	   changes	   in	  
the	   functional	   groups	   on	   the	   CQDs	   treated	  with	   and	  without	  
Fe3+	   (Fig.	   5D).	   As	   shown	   in	   Fig.	   5D-‐a,	   the	   peak	   at	   1634	   cm-‐1,	  	  

which	  resulted	  from	  C=O	  stretching,	  was	  clearly	  observed	  with	  
the	   original	   CQDs.	   However,	   this	   peak	   was	   hardly	   apparent	  
with	   the	  as-‐formed	  precipitate	  upon	   the	  addition	  of	   Fe3+	  (Fig.	  
5D-‐b),	   hence	   providing	   evidence	   for	   the	   interaction	   between	  
the	  carboxylic	  acid	  group	  and	  Fe3+.	  The	  FTIR	  spectra	  were	  also	  
collected	  for	  CQDs	  upon	  addition	  with	  other	  ions	  such	  as	  Cu2+,	  
Cd2+	   and	   Ni2+.	   In	   these	   cases	   there	   was	   no	   obvious	   peak	  
intensity	   change	   in	   FTIR	   was	   observed	   (Fig.	   S2).	   This	   again	  
confirmed	   the	   selective	   affinity	   interaction	   between	   Fe3+	   and	  
the	  oxygen-‐containing	  groups	  on	  the	  CQDs.	  	  
	  
3.3.2	  Cell	  imaging	  and	  cytotoxicity	  measurement	  

With	   an	   attractive	   set	   of	   features	   including	   small	   size,	   bright	  
luminescence	  and	  benign	  nature,	  CQDs	  have	  a	  great	  potential	  
in	   bio-‐imaging	   applications.	   The	   application	   of	   the	   obtained	  
CQDs	   was	   demonstrated	   by	   fluorescence	   imaging	   using	   the	  
bamboo	   fibre	  cells	  of	  mice	  as	  a	  model.	  After	  being	   incubated	  
with	   as-‐prepared	   CQDs	   for	   1	   h	   at	   37	   ◦C	   and	   5	   %	   CO2,	   the	  
images	   were	   collected	   with	   a	   laser	   scanning	   confocal	  
microscope.	   As	   illustrated	   in	   Fig.	   6A,	   the	   CQDs	   treated	   cell	  
became	   bright	   blue	   under	   365	   nm	   light	   excitation.	   It	   can	   be	  
seen	   that	   the	   luminescent	   spots	   widely	   appeared	   in	   the	  
membrane	   and	   cytoplasmic	   area	   of	   the	   cells,	   whereas	  
fluorescence	   within	   the	   nucleus	   was	   very	   weak,	   suggesting	  
that	  CQDs	  could	  be	  internalized	  into	  the	  cells	  outer	  membrane	  
but	  were	  less	  easily	  taken	  up	  through	  the	  nuclear	  envelope	  by	  
the	   nucleus	   pore	   complexes.	   The	   easy	   cellular	   uptake	   of	   the	  

	  
	  
Fig.	  6	  LSCM	  images	  of	  bamboo	  fibre	  cells	   from	  mice	   incubated	  with	  CQDs	  0f	  50	  

μg	  mL-‐1	   for	   2	   h	   at	   37	   ◦C.	   (A)	   Fluorescence	   images	   and	   (B)	   bright	   field	   images;	  

Excitation	  wavelength	  was	  set	  at	  365	  nm;	  (C)	  Cell	  viability	  of	  bamboo	  fiber	  cells	  

(n=3,	  mean	  ±	  S.D.)	  after	  being	  treated	  with	  various	  final	  concentrations	  of	  CQDs	  

(0,	   20,	   50,	   100,	   150,	   200	   and	   250	   μg	  mL-‐1,	   respectively).	   Untreated	   cells	   were	  

served	  as	  the	  control,	  whose	  viability	  was	  set	  as	  100%.	  

	  

	  
	  

Fig.5	  (A)	  Schematic	  representation	  of	  PL	  quenching	  mechanism	  of	  CQDs	  by	  
Fe3+.	   (B)	  TEM	   image	  of	   the	  aggregated	  CQDs	  upon	  addition	  with	  Fe3+.	  
(C)	  the	  corresponding	  photographs	  of	  the	  Fe3+-‐containing	  CQDs	  suspension	  
stored	  for	  8	  h	  under	  room	  light	  (a)	  and	  under	   irradiation	  with	  365	  nm	  UV	  
light	   (b);	   (c)	   the	  photograph	  of	   original	  CQDs	  under	   irradiation	  with	  365	  
nm	  UV	  light.	  (D)	  FTIR	  spectra	  of	  (a)	  original	  CQDs	  suspension;	  (b)	  precipitate	  
formed	  in	  Fe3+-‐containing	  CQDs	  suspension	  stored	  for	  8	  h.	  
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fluorescent	  CQDs	   for	  efficient	  bio-‐imaging	   should	  be	  ascribed	  
to	   the	   small	   sizes	   of	   CQDs.	   It	   has	   been	   reported	   that	   the	  
nanoparticles	  with	  diameter	  less	  than	  10	  nm	  are	  favourable	  for	  
being	   internalized	   into	   the	   cells.55	   In	   this	   case,	   genetic	  
disruption	  of	  the	  cells	  may	  be	  avoided,	  which	  agrees	  well	  with	  
the	  results	  of	  previous	  investigation	  on	  the	  interaction	  of	  living	  
cells	   with	   CQDs	   and	   other	   QDs.56-‐59	   Reproducible	   imaging	  
results	   were	   achieved	   for	   the	   cell	   treated	   with	   CQDs.	   The	  
cytotoxicity	  of	  CQDs	  was	  further	  tested	  by	  MTT	  assay	  (Fig.	  6C).	  
The	  cell	  viability	  decreased	  with	  the	  increasing	  concentrations	  
of	  the	  CQDs	  in	  the	  range	  of	  0,	  20,	  50,	  100,	  150,	  200	  and	  250	  μg	  
mL-‐1,	  respectively.	  Survival	  rates	  of	  the	  cells	  reached	  92%	  and	  
80%	   in	   the	   culture	   medium	   containing	   50	   and	   200	   μg	   mL-‐1	  
CQDs.	  These	  results	  demonstrated	  that	  the	  as-‐prepared	  CQDs	  
could	   be	   used	   as	   an	   excellent	   fluorescent	   bio-‐imaging	   agent	  
owning	  to	  their	  good	  biocompatibility	  and	  low	  toxicity.	  

Conclusions	  
Herein,	   CQDs	   were	   simply	   produced	   from	   electrochemical	  
oxidation	  of	  the	  graphite	  electrode	  in	  alkaline	  alcohols.	  The	  as-‐
synthesized	   CQDs	   were	   monodisperse	   with	   an	   average	  
diameter	  of	   (4.0	  ±	   0.2)	   nm	  and	  high	   crystallinity.	  Meanwhile,	  
an	   interesting	  phenomenon	  was	  observed,	   that	   is,	   the	   colour	  
of	   the	   CQDs	   dispersions	   was	   colourless	   during	   the	   reaction	  
process	   and	   in	   storage	   at	   4	   °C,	   but	   it	   gradually	   changed	   to	  
bright	   yellow	   when	   kept	   at	   room	   temperature.	   Based	   on	  
adequate	   characterization	   and	   comparison	   results,	   it	   can	   be	  
concluded	   that	   the	   surface	   states	   induced	   by	   the	   surface	  
oxidation	  mainly	  accounted	  for	  the	  colour	  change	  of	  the	  CQDs	  
dispersions	  as	  well	  as	  non-‐shifting	  fluorescence	  emissions.	  Size	  
distribution	   of	   CQDs	   explained	   the	   number	   of	   the	   peak	  
appearing	   in	   the	   fluorescence	   spectra.	   Meanwhile,	   the	   as-‐
prepared	  CQDs	  were	  used	  for	  specific	  and	  sensitive	  detection	  
of	  Fe3+	  with	  broad	  linear	  ranges	  of	  10	  -‐	  200	  μM	  as	  well	  as	  a	  low	  
limit	  of	  detection	  of	  1.8	  μΜ	  (S/N	  =	  3).	  The	  applicability	   in	  tap	  
water	   and	   cell	   imaging	  were	   demonstrated,	  which	   confirmed	  
that	   the	   CQDs	   can	   be	   used	   as	   promising	   candidates	   for	  
chemical	  analysis	  and	  biological	  applications.	  
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