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Experimental Section: 

Graphite powder, Cadmium perchlorate hydrate and 2,3-Pyridinedicarboxylic acid were 

obtained from Sigma Aldrich. 4,4 -Azopyridine was synthesized using the procedure reported 

in literature.1 Methanol, KMnO4, NaNO3 and other chemicals were obtained from Merck 

chemicals.  

Synthesis of GO and BFG:  

Graphite oxide was prepared using a modified Hummers and Offeman method.2 In a typical 

synthesis 1.5 g graphite powder and 1.5 g of NaNO3 were slowly added to 75 ml conc.H2SO4 

and allowed to mix properly under constant stirring for 10 min. In the uniform mixture 10 g 

KMnO4 was added and transferred to an oil bath maintained at 40 C. The mixture was 

allowed to stir for next 30 min. Very viscous dark brown product was formed due to the 

oxidation of graphite. In the uniform viscous product 75 ml deionized water was added and 

the temperature of oil bath was raised to 75 C. The stirring was performed for another 15 

min with oil bath maintained at 75 C. In 150 ml warm water (  70 C) 15 ml H2O2 (30%) 

was mixed and added to the reaction mixture. The Colour of dispersion changed from dark 

brown to yellow. Obtained product was centrifuged and washed several times with water to 

remove excess acid. Washed product was again dispersed in water and dialysis was 

performed till dialysate became neutral. Dialysed product was centrifuged to remove excess 
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water. Obtained solid product was transferred to petridish and stored under vacuum for 

drying. 

Reduction of GO with Sodium borohydride and Benzoic acid functionalization was 

performed using the procedure given in literature.3 Infrared spectrum of BFG is given in Fig. 

S1.  

Synthesis of CAP-GO, CAP-BFG and CAP 

In 50 ml water 22 mg GO was dispersed by sonication for 2 hrs. The wt% was calculated 

based on the obtained solid product of pristine MOF.  In the uniform colloidal dispersion Cd 

(II) ion (  0.5 mmol, Cd(ClO4)2·xH2O) was added and allowed to stir for next 15 min. After 

15 min Na2pyrdc (0.5 mmol) and methanolic solution (25 ml) of azpy (0.5 mmol) was slowly 

added and allowed to stir overnight. Product was centrifuged and washed with water. 

Obtained product was dried under vacuum at room temperature. BFG@Cd-PBM was 

obtained by same procedure except the initial dispersion of BFG was obtained by sonication 

in water maintained at pH 10. Cd-PBM was obtained by simple mixing and overnight stirring 

of ligand solution with metal ion solution.4 Phase purity of obtained product was checked by 

matching powder X-ray diffraction pattern with simulated pattern. Known weight of pristine 

MOF and composites (between 2 mg to 2.5 mg) were dissolved in high purity conc. HNO3 

and diluted to 10 ml and ICP analysis was carried out with respect to known standard.    

Liquid phase exfoliation of BFG@Cd-PBM: 

BFG@Cd-PBM was exfoliated in methanol by ultrasonication. The composite was dispersed 

with a concentration of 1 mg/ml in methanol and sonicated in bath sonicator (Branson-3510) 

for 90 minutes. The dispersion was centrifuged at 3000 rpm for 30 minutes. Middle portion 

of supernant was collected and drop casted on Si/SiO2 substrate for AFM analysis. Colloidal 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



dispersi

was col

 

 

 

 

 

 

Table 1

Charac

Powder

D8 Dis

PBM an

JEM-30

Nano S

microsc

using 5

(TGA) 

850 TG

min. In

spectrop

exfoliat

ion was dro

llected. The

1. Elementa

cterization:

r X-ray diffr

cover instru

nd Cd-PBM

010 with an

SEM 600, 

cope. Rama

14.53 nm A

was carried

G analyzer in

nfra-red sp

photometer

ted BFG@C

op casted o

e obtained co

al and ICP-O

:   

fraction (PX

ument usin

M were char

n acceleratin

FEI Comp

an spectra 

Ar+ laser usi

d out under

n the tempe

pectrums o

r using the

Cd-PBM wa

n NaCl win

olloidal disp

OES analysi

XRD) pattern

g Cu-K  ra

acterized w

ng voltage a

pany. AFM

of the sam

ing LabRam

r nitrogen (

erature rang

f the com

KBr pelle

as recorded 

ndow and I

persion of e

is of pristin

n of obtaine

adiation. M

with Transm

at 300 KV)

M was car

mples were

m HR 800 s

flow rate o

ge between 3

mpounds w

ets in the 

by drop ca

IR spectrum

exfoliated sh

e MOF and

ed composi

Morphology 

mission elect

). SEM ima

rried out u

recorded in

spectromete

of 50 mL/m

30 °C – 600

ere recorde

region 400

sting MeOH

m of exfolia

heet was sta

d composites

tes were rec

of BFG@C

ron microsc

ages were o

using Innov

n backscatt

er. Thermog

min) with M

0 °C at a he

ed on a B

00-400 cm-

H colloidal 

ated nanoco

able for mon

s. 

corded on a

Cd-PBM, G

copy (TEM

obtained fro

va scanning

tering arran

gravimetric 

Metler Toled

eating rate o

Bruker IFS

-1. IR spec

dispersion o

omposite 

nth.  

a Bruker 

GO@Cd-

M) (JEOL 

m Nova 

g probe 

ngement, 

analysis 

do TGA-

of 5 °C / 

S 66v/S 

ctrum of 

on NaCl 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



crystal a

recorde

Sample

Elemen

coupled

7000 D

 

Gas ad

The ads

QUANT

K) and

instrum

were pl

vacuum

charged

adsorpt

for mea

 

 

 

 

 

 

 

 

Fig. S1. I

and drying 

ed in an Om

es for XPS 

ntal analysis

d plasma op

V instrume

sorption m

sorption iso

TACHROME

d H2O (at 2

ment from B

laced in the

m at 373 K

d into the s

ion was det

asurement w

Infrared spect

in 100 °C o

micron Nan

were prepa

s was carri

ptical emiss

nt. 

measuremen

otherms for 

E AUTOSOR

298 K) we

BEL, Japan.

e sample ce

K for 12 h 

sample tube

termined by

were comput

trum of (a) BF

oven to remo

notechnolog

ared by dro

ied out usin

ion spectro

nt: 

N2, (at 77K

RB-1C analy

ere measure

. Known w

ell. Prior to

to remove 

e, and chan

y the decrea

ter-controll

FG (black), (b)

move solvent

gy Spectrom

opcasting on

ng a FLAS

oscopy was 

K), and CO2

yzer. The so

ed using B

weights (100

o measurem

the adsorb

nge of the 

ase in pressu

led and auto

) RGO (red) a

t. X-ray pho

meter with 

n a Si subs

SH 2000 el

carried out 

2 (at 195 K

olvent adsorp

BELSORP a

0-125 mg) 

ments, the sa

bed water m

pressure w

ure at the eq

omatic.    

and (c) GO (bl

otoelectron s

Mg K  as

strate with 

emental an

using a Pe

K) gases wer

ption isothe

aqua-3 volu

of the as-sy

amples wer

molecules. T

was monitor

quilibrium s

lue). 

spectra (XP

s the X-ray

native oxid

nalyzer. Ind

erkin-Elmer 

re carried o

erms MeOH

umetric ad

ynthesized 

re dried und

The adsorb

red. The de

state. All op

PS) were 

 source. 

de layer. 

ductively 

Optima 

out using 

H (at 293 

dsorption 

samples 

der high 

bate was 

egree of 

perations 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

 

 

 

 

 

Fig. S2. I

(blue) an

 

 

Fig. S3. 
rate 5 °C

 

Fig. S4. F
dimensio

Infrared spect

nd (d) GO@Cd

TG analysis o
 min-1 under N

FESEM imag
on of crystals i

tra of (a) Exfo

d-PBM (olive

of (a) Cd-PBM
N2 atmosphere

ges of (a) Cd-P
in composites

oliated BFG@

e) 

M (red), (b) B
e. 

PBM, (b) BFG
 in compariso

@Cd-PBM (ma

BFG@Cd-PBM

G@Cd-PBM a
on to pristine M

agenta) (b) Cd

M (blue) and 

and (c) GO@
MOF.  

-PBM (red), (

(c) GO@Cd-P

Cd-PBM show

(c) BFG@Cd-

PBM (olive) 

wing increase

-PBM 

at heating 

e in lateral 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S5. T
BFG@C

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S6. (

spectra o

TEM images 
d-PBM after 3

(I) High resolu

of Cd-PBM.  

of (a) Cd-PBM
30 min sonica

ution C 1s X-

M, (b) BFG@
ation in MeOH

ray photoelec

@Cd-PBM (c) G
H. 

ctron spectra o

GO@Cd-PBM

of Cd-PBM. (I

M and (d) Part

II) High resolu

tially exfoliate

ution N 1s and

ed 

d Cd 3d 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

 

Fig. S7. (

Cd 3d sp

Fig. S8. E
composit

(I) High resolu

ectra of BFG 

Elemental ma
tes. 

ution C 1s X-

@Cd-PBM.  

apping of (Top

ray photoelec

p) Cd-PBM an

ctron spectra o

nd (Bottom) B

of BFG@Cd-P

BFG@Cd-PBM

PBM. (II) High

M showing the

gh resolution N

e homogenity

N 1s and 

y of 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

 

 

 

 

 

Fig. S9. (
(olive dia

 

Fig. S10.
77 K and

Fig. S11.
graphene

(I) Water sorp
amond) at 298

. N2 adsorptio
d 1 atm. 

. CO2 sorption
e) and Cd-PBM

ption isotherm
8 K. 

on isotherm of

n isotherm of p
M at 195 K.  

m of Cd-PBM (

f (a) BFG@Cd

physical mixtu

(II a) BFG@C

d-PBM (blue 

ture containing

Cd-PBM (blue

circles) and (b

g 10 wt.% BF

e circles) and 

b) GO@Cd-P

G (benzoic ac

(II b) GO@C

PBM (olive dia

cid functionali

d-PBM 

amond) at 

ized 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

 

 

 

 

 

 

 

Fig. S12.

Referen

(1) 

(2) 

(3) 

(4) 

 

 

. AFM height 

nces: 

(a) Brown, 

O.; Saak, W

Hummers, 

Jahan, M.; 

Kanoo, P.; 

profile of (a) 

E. V.; Gran

W.; Haase, D

W. S.; Offe

Bao, Q.; Ya

Sambhu, R

GO (average 

nneman, G. 

D.; Beckhau

eman, R. E. 

ang, J.-X.; L

R.; Maji, T. K

height = 0.98

R. J. Am. C

us, R. d. Org

J. Am. Che

Loh, K. P. J

K. Inorg. Ch

87 nm) and (b)

Chem. Soc.,

ganomet.,  2

em. Soc., 19

J. Am. Chem

hem., 2010,

) BFG (averag

1975, 97, 6

2009, 28, 27

58, 80, 133

m. Soc., 201

, 50, 400. 

ge height = 0.7

621; (b) The

799. 

9. 

0, 132, 144

76 nm) 

eilmann, 

487. 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [200 200]
  /PageSize [595.276 841.890]
>> setpagedevice


