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All the X-ray diffraction patterns were examined for phase identification and quantification 
(Rietveld refinement) with TOPAS – software package supplied with Bruker’s D8 DISCOVER 
instrument.

Table S1. X-ray diffraction analysis – qualitative and quantitative (refinement analysis)

Sample id Phases present 
(with Crystal 

system & Space 
group)

Tune cell Lattice 
parameters* 

(in A°)

Weight 
fraction*

(in Weight %)

Crystallites 
size*

(in A°)

Fe3O4-L1 Magnetite (Cubic 
system, Fd-
3m(227)
Magnetite –surface 
coated DCA

a = 8.35316 

a = 5.02946 
c = 13.83656 

0.4748  

0.5252 

135.9 

85.52 

Fe3O4-L2 Magnetite (Cubic 
system, Fd-
3m(227)
Magnetite –surface 
coated DCA

a = 8.36301 

a = 5.04666 
c = 13.83466 

0.4532 

0.5468 

138.0

80.6

Fe3O4-L3 Magnetite (Cubic 
system, Fd-
3m(227)
Magnetite –surface 
coated DCA

a = 8.3433 

a = 5.04272 
c = 13.81214 

0.4462

0.5574

141.0

97.5

Fe3O4-L4 Magnetite (Cubic 
system, Fd-
3m(227)
Magnetite –surface 
coated DCA

a = 8.34987 

a = 5.03878  
c = 13.82828 

0.473

0.527

136.8

77.4

Fe3O4-L5 Magnetite (Cubic 
system, Fd-
3m(227)
Magnetite –surface 
coated DCA

a = 8.33673

a = 6.44435
b = 7.44496  
c = 3.75293

0.1988

0.8012

142.2

311.0

 * Refinement parameters; All the refinement parameters were considered with GoF <5



Table S2.  Stretching frequency of Infra Red Spectroscopy of surface modified MNPs

S.No Stretching frequency Ligand Assignment

1 1000-1300 cm-1 L1, L2, L3, L4  (CC)

2 1415 cm-1 L1-L5  (COOFe)

3 1576 cm-1 L5  (CC) aromatic

4 2925cm-1 L1-L4  (CH) of aliphatic

5 700-900 cm-1 L5  (CH) vibration of 
aromatic

6 3400cm-1 L1-L5  (O-H) 

7 1625-1630 cm-1 L1-L5  (O-H) deformed 
bending mode

8 580 cm-1 L1-L5  (Fe-O) stretching 



         Table S3: Synthesis of HMF using different heterogeneous catalysts.

Entry       Catalyst Temperature
(0C)

Solvent Time 
(min)

Conversion
(%)

Selectivity
(%)

Reference 
(main text)

1 sulfonic acid-
functionalized MOF

120 DMSO 60 99 91 43

2 aluminium doped 
zirconium 
phosphate

135 Water 240 12 40 44

3 niobium catalysts 120 Water 180 92 52 45

4 sulphated zirconia 180 Acetone/
DMSO

5 93 73 46

5 sulfonic acid 
functionalized silica

100 DMSO 60 75 54 47a

6 Solid silica  
immobilized ionic 
liquid 

100 (MW) DMSO 4 100 74 47b

7 SnO2–ZrO2 120 DMSO 150 -- 75 48a

8 WO3/ZrO2 130 water 240 60 40 48b

9 Sn-W oxide 80 DMSO 720 99 70 48c

11 Dowex-type ion-
exchange resin

110 DMSO 300 100 85 49a

12 Ion exchange resin 90 Water/MIBK 1080 98 85 49b

13 Dowex-type ion-
exchange resin

150 water 60 82 34 49c

15 Dowex-type
ion-exchange
resin

150 (MW) Acetone/ 
DMSO

30 99.4 82 49d

16 Amberlyst 15 
pellets 

120 DMSO 120 100 92 50a

17 Amberlyst 15 80 [BMIM][Cl] 10 98.6 83.3 50b

18 HT/Amberlyst 15 100 DMF 180 99 76 50c

19 Amberlyst 15 80 [BMIM][PF6]/ 
DMSO

1440 -- 80 50d

20 12-MPA 120 [BMIM][Cl]/ 
acetonitrile

180 99 98 51

21 Functionalized CNTs 80 DMF 480 75 99 52

22 Mg-NHCs 100 DMF 120 99 89 53

23 Surface modified
ferrites

80 Solvent free 60 96 89 In this work
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Fig. S1. FT-IR pattern of the (a) synthesized CoFe2O4 (b) CoFe2O4@L1  (c) CoFe2O4@L2  (d) 
CoFe2O4@L3 (e) CoFe2O4@L4  (f) CoFe2O4@L5
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Fig. S2. SEM of surface modified MNPs with (a) L1 (b) L3 (c) L4 (d) L5

Fig. S3. SEM of surface modified cobalt ferrite NPs modified with (a) L1 (b) L3 (c) L4 (d) 
L5
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2. Calculation of HMF Yield (%)

Conversion (%) = 

x100

 𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒 ‒ 𝑓𝑖𝑛𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒
𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒

%

= 
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒 𝑎𝑡 𝑡 = 0 ‒  𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒 𝑎𝑡 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑡𝑖𝑚𝑒

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑓𝑟𝑢𝑐𝑡𝑜𝑠𝑒 𝑎𝑡 𝑎 𝑔𝑖𝑣𝑒𝑛 𝑡𝑖𝑚𝑒
x100%

= 

Selectivity (%) = x100% 

  𝐻𝑀𝐹 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛
𝐹𝑟𝑢𝑐𝑡𝑜𝑠𝑒 𝑐𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛

3.1. The Spectrophotometric method

After completion of the reaction, 0.5l reaction mixture was diluted up to 50 mL with HPLC 

water followed by the addition of 0.5 mL of Carrez solution I and 0.5 mL of Carrez solution II. 

Aliquots of 5 mL were put into 2 tubes; 5 mL of deionized water was added to one tube 

(sample solution); 5 mL of sodium bisulfite solution 0.2% was added to the second 

(reference solution). The absorbance (determined using a Lambda 25 double beam 

spectrophotometer UV/Vis, Shimadzu) of the aqueous reaction sample at 284 nm (A284) 

was determined versus reference solution, in order to avoid the interference of other 

components at that wavelength. The absorbance at 336 nm (A336) was read to subtract the 

background absorbance. The HMF was quantified by using the proposed formula of the 

original White method.

 HMF(mg) = (A284 − A336) × 149.7 × 5/W, where W is the weight of the fructose, the factor 

149.7 is a theoretical value linked to the molar extinction coefficient of HMF at 284 nm, which 

is 16830. In this work we studied the experimental extinction coefficient of HMF to check the 

correspondence with the theoretical behaviour of HMF.
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Fig. S4. Calibration Curve for the HMF using UV-spectrometer.

                          Y= (87.4x10-4 )  (X) + 2.264x10-4



3.2. HPLC analysis report

Fig.S5. HPLC analysis of MNPs treated with oxalic acid catalyzed dehydration of fructose.
.



Fig.S6. HPLC analysis of MNPs treated with succinic acid catalyzed dehydration of fructose.



Fig.S7. HPLC analysis of MNPs treated with malic acid catalyzed dehydration of fructose.
.



Fig.S8. HPLC analysis of MNPs treated with tartaric acid catalyzed dehydration of fructose.
.



Fig.S9. HPLC analysis of MNPs treated with terepthalic acid catalyzed dehydration of 
fructose.



Fig.S10. HPLC analysis of CoFe2O4 treated with tartaric acid catalyzed dehydration of 
fructose.


