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 effi cient recognition and separation. To 
date, several strategies have been pro-
posed, among which boronate-based 
affi nity isolation has drawn increasing 
research interest. [ 7–10 ]  The excellent 
affi nity of boronic acids towards CDBs 
relies on the fact that they could form 
stable cyclic esters with  cis -diol moie-
ties in mild basic or neutral aqueous 
solution, while the cyclic esters dis-
sociate once switching the medium to 
acidic pH. [ 11,12 ]  Considerable efforts have 
been devoted to constructing boronate-
functionalized materials, [ 13–16 ]  especially 
porous functional materials, [ 17–20 ]  for 
the specifi c recognition and subsequent 
isolation of CDBs from biological sam-
ples. However, in most cases, multistep 
synthesis procedures with harsh reac-
tion conditions were generally needed 
to modify boronic acid on the surface of 
applied materials. Besides, they some-
time suffered from the low conjugation 
effi ciency of boronic acid and inhomo-
geneous surface coverage that might be 
also the limitations for their practical 
applications. Therefore, exploring novel 
porous matrix with high level of boronic 
acid integration via a facile, effi cient syn-

thesis strategy is of great signifi cance for the practical recog-
nition and separation of CDBs. 

 Metal–organic frameworks (MOFs), consisting of inorganic 
nodes and organic ligands, are booming as fascinating porous 
crystalline materials. In comparison with conventional inor-
ganic porous solids, MOFs feature high surface area, adjust-
able pore sizes, and versatile framework compositions. [ 21–23 ]  
Moreover, the organic ligand component of MOFs allows 
fi ne-tuning of the pore environment with favorable implica-
tions on properties. [ 24–27 ]  In virtue of such characteristics, 
MOFs have emerged as a new class of outstanding platform 
for the adsorption of target mole cules ranging from gas spe-
cies to biological molecules. [ 28–39 ]  Inspired by these studies, 
it is reasonable to suppose that boronic acid modifi ed MOFs 
might be potentially promising for selective recognition and 
subsequently separation of CDBs. Nevertheless, up till now, 
no report has been found to address this topic. This could 
be probably ascribed to three reasons: 1) there is a lack of 
suitable boronic acid containing ligands for the synthesis of 
functionalized MOFs, and the modifi cation of ligands is often 
tedious; 2) generally, the additional functional groups occupy 
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  1.     Introduction 

  Cis -diol containing biomolecules (CDBs), such as saccha-
rides, [ 1,2 ]  glycoproteins, [ 3,4 ]  catechols, [ 5 ]  and nucleosides [ 6 ]  
play signifi cant roles in many biological processes. It is con-
sequently essential to develop reliable approaches for their 
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more space, leading to signifi cant reductions in molecule-
accessible surface area and pore volumes of the resultant 
MOFs; and 3) very few MOFs feature high chemical stability 
under base/acid conditions for CDBs binding and subse-
quent dissociation. Thus, it is highly desirable to develop new 
MOFs simultaneously integrated with the merits of acces-
sible boronic acid functionality, good chemical stability, and 
high porosity using readily available boronic acid containing 
compounds. 

 We notice that the recently developed metal–ligand–
fragment coassembly (MLFC) strategy could effectively work 
to introduce a wide variety of functional groups into MOFs, 
in which the primitive ligand and its fragment were cocrystal-
lized into the framework. [ 40–42 ]  The resulted new MOFs main-
tain the isostructure of the parent framework derived from 
only the primitive ligand. [ 42 ]  Since the fragment ligands have 
fewer coordination groups than the primitive one, they play 
a role in breaking a wall between neighboring pores. In this 
domain, decoration of the frameworks with bulky function-
alities could be facilitated. Obviously, depending on the func-
tional groups on the ligand fragments, the MOFs can be func-
tionalized without causing reduction in pore volume. [ 42 ]  These 
advantages of the linker fragmentation approach rationalize 
the possibility of incorporating the boronic acid containing 
fragment into MOFs, and might offer a new platform for real-
izing CDBs recognition and sequestration. Because of their 
giant pores (with free diameters of 25 and 29 Å) for the free 
mass diffusion of CDBs, [ 43 ]  Cr-based MOFs of MIL-100 (MIL 
stands for Materials from Institut Lavoisier) would be an ideal 
choice to exemplify the elaboration of boronic acid functional-
ized MOFs (MIL-100-B). Additionally, their well-known excel-
lent chemical stability could bear the ligand fragmentation, 
which leads to incomplete connectivity between the ligands 
and metal nodes. [ 44,45 ]  

 In the current work, we report the facile preparation of this 
new MOFs of MIL-100-B with active boronic acid suspended 
in their cavities via the MLFC approach in which commercially 
available 5-boronobenzene-1,3-dicarboxylic acid (BBDC) was 
employed as ligand fragment to introduce functional compo-
nent. The amount of boronic acid group on MIL-100-B could 
be systematically tuned by changing the feed ratios of BBDC 
to primitive ligand of 1,3,5-benzene tricarboxylic acid (BTC) in 
the reactant mixtures. The obtained MOFs exhibit comparable 
surface areas and pore volumes with parent MIL-100 even at 
BBDC/BTC feed ratio of 1:1.5, and present exceptional chem-
ical stability in a wide pH range. As expected, the inherent 
boronic components in cavities could effectively serve as the 
recognition units for the  cis -diol moieties and consequently 
enhance the capture capabilities of the elaborated MIL-100-B 
for CDBs. The binding and dissociation between MIL-100-B 
and CDBs could be reversibly switched by changing the pH 
conditions. Even after three consecutive mild basic and acid 
treatments for the binding and dissociation of representa-
tive CDBs, the crystalline structure of the resultant MOFs is 
still well preserved. The exceptional chemical stability, high 
porosity, and good reusability as well as the intrinsic  cis -diol 
moieties recognition function prefi gure the great potentials 
of the current MIL-100-B in CDBs purifi cation, sensing, and 
separation applications.  

  2.     Results and Discussion 

  2.1.     Characterization of MIL-100-B 

 The MIL-100-B was prepared through the direct hydrothermal 
reaction between chromium and a mixture of BTC (primitive 
ligand) and BBDC (ligand fragment). To maximize the incor-
poration of fragments without changing the structure of the 
parent frameworks, various feed ratios of BBDC to BTC were 
applied. We employed the XRD technique to characterize the 
structural evolvement of the synthesized MOFs with feed 
ratios of BBDC to BTC from 1:9 to 1:1 ( Figure    1  ). All the sam-
ples exhibit the similar Bragg diffraction peaks in consistence 
with the simulated pattern (Figure  1 a), demonstrating that the 
crystalline materials are formed with isostructure to the parent 
framework. [ 41,42 ]  However, for the feed ratio 1:1.5 of BBDC to 
BTC, the crystalline MIL-100-B presents slightly broadened 
and weakened XRD peaks, which might be due to the slightly 
decreased framework crystallinity. Further increasing the feed 
ratio of BBDC to BDC up to 1:1 still yields crystalline MOFs but 
with more diminished XRD peak intensity (Figure  1 g). 

  XPS spectra of three MIL-100-B samples (BBDC/BTC feed 
ratios of 1:4, 1:2.3, and 1:1.5) were collected to verify the integra-
tion of boronic acid units. All the peaks at 192.0 eV in wide scan 
XPS spectra ( Figure    2  a–c) undoubtedly disclose the presence of 
B element derived from BBDC. In addition, the intensities of B 
signal increase with the increase of BBDC/BTC feed ratio. The 
C1s XPS spectra could provide further information about the 
introduced functional groups on MIL-100-B. For a BBDC/BTC 
ratio of 1:4, the deconvoluted C1s peak (Figure  2 d) consists of 
four peaks, which could be assigned to C in C-B (283.9 eV), 
C-C/C=C (284.6 eV), C-O (285.7 eV), and O-C=O (288.5 eV), 
respectively. [ 46–48 ]  Similar peaks could be observed in the decon-
voluted C1s peak of MOFs with BBDC/BTC feed ratios of 1:2.3 
(Figure  2 e) and 1:1.5 (Figure  2 f). With the increase in BBDC/
BTC feed ratios, the intensities for the peaks corresponding to 
the C-O (285.7 eV) and O-C=O (288.5 eV) diminish. Meanwhile, 
the intensity for C-B (283.9 eV) signal enhances corresponding 
to the higher relative content of BBDC in MOFs in good agree-
ment with the deduction from boron signals in wide scan XPS 
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 Figure 1.    Powder XRD patterns for a) the simulated MIL-100, b) the as-
synthesized MIL-100 and MIL-100-B synthesized in different feed ratios of 
BBDC to BTC from c) 1:9, d) 1:4, e) 1:2.3, f) 1:1.5 to g) 1:1.
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profi les. These results clearly manifest that BBDC has been 
successfully incorporated into the MOFs, and the amount of 
the incorporated functional group could be facilely tuned by 
changing the BBDC content in the initial reactant mixture. 

  To precisely determine the quantity of BBDC in MIL-100-B 
crystals,  11 B NMR spectra were recorded. 15 mg of sample 
was digested in NaOD/D 2 O and the digest was treated with 
centrifugation. 2 mg of NaBF 4  was added to the supernatant 
as an internal standard. [ 49 ]  Then, the mixture was transferred 
into a synthetic quartz NMR tube ( B  < 0.01 ppm) for  11 B NMR 
analysis. As shown in  Figure    3  A, two  11 B NMR signals could 
be clearly identifi ed at –17.3 and –20.4 ppm, assigning to B ele-
ments in BBDC and NaBF 4 , respectively. Through comparing 

integrations of the BBDC and NaBF 4  resonances, [ 49 ]  it is found 
that approximate 80% BBDC is included into the framework 
at a BBDC/BTC feed ratio of 1:9, which is quantifi ed to be 
0.24 mmol boronic acid group per gram MIL-100-B crystal 
(Figure  3 B). For BBDC/BTC feed ratios of 1:4, 1:2.3, 1:1.5, and 
1:1, the quantities of BBDC in the MOF crystals are calculated 
to be 0.45, 0.55, 0.62, and 0.65 mmol g −1 . It should be pointed 
out that the BBDC amounts in MIL-100-B are not linearly cor-
related with the ones in feed, and its incorporation is close to 
saturation at a BBDC/BTC feed ratio of 1:1 (Figure  3 Ba). 

  TEM was used to investigate the morphology evolvement 
of the synthesized MIL-100-B with different BBDC/BTC feed 
ratios. It can be observed that the parent MIL-100 is in irreg-
ular shape, and the particle size is in submicrometer scale 
( Figure    4  a). On the contrast, the discrete particles with relatively 
uniform size and shape are obtained in the presence of low level 
of BBDC/BTC feed ratio (Figure  4 b). This regular nanoscale 
particle could facilitate the accessibility of the boronic acid 
groups in the resultant MIL-100-B benefi ting from the short 
diffusion pathway for the guest molecules. Upon increasing 
the BBDC/BTC feed ratio from 1:9 to 1:2.3, the average par-
ticle size is reduced from ≈270 to 160 nm (Figure  4 b–d). How-
ever, further incorporating BBDC yields a negative impact on 
morphology evolvement, and leads to ill-defi ned particle shape 
(Figure  4 e,f). 

  N 2  sorption analysis was adopted to evaluate the textural 
parameters of the obtained MIL-100-B. The N 2  adsorption–
desorption curves for all the samples exhibit the characteristic 
steps and type IV isotherm in agreement with the observation 
for MIL-100 structures ( Figure    5  ). [ 50 ]  This further affi rms the 
fact that the inclusion of BBDC did not destroy the structure of 
parent framework. BET surface areas of the materials resulting 
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 Figure 2.    Wide scan XPS spectra of MIL-100-B synthesized in BBDC/BTC feed ratios of a) 1:4, b) 1:2.3, and c) 1:1.5. The magnifi ed C1s XPS spectra 
of MIL-100-B synthesized in feed ratios of BBDC to BTC at d) 1:4, e) 1:2.3, and f) 1:1.5.

 Figure 3.    A) The  11 B NMR spectra of digestion products of MIL-100-B 
synthesized in different feed ratios of BBDC to BTC at a) 1:9, b) 1:4, 
c) 1:2.3, d) 1:1.5, and e) 1:1 in alkaline D 2 O solution. NaBF 4  was used as 
an internal standard (–20.4 ppm). B) The effect of BBDC content in the 
initial reactant mixture on the amount of boronic acid group in the MIL-
100-B crystals: a) experimental and b) theoretical data corresponding to 
the BBDC in crystals and feed, respectively.
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from BBDC/BTC feed ratios of 1:4 and 1:2.3 are calculated to 
be 1628 and 1603 m 2  g −1 , which are comparable to the value 
of unfunctionalized MOFs (1646 m 2  g −1 ). Pore volumes for 
these samples also present the similar variation trend ( Table    1  ). 
These large surface areas and pore volumes should attribute to 
the inherent characteristics of the MLFC synthesis approach 
since the boronic acid groups are pointing toward the pores 
generated via the linker fragmentation. On contrast, in most 
traditional functionalization methods for MOFs, functional-
ized groups generally dangle into the pore space and result in 
decreased pore size and surface areas. For a BBDC/BTC feed 
ratio of 1:1.5, the MIL-100(Cr)-B still feature considerable sur-
face area (1452 m 2  g −1 ) though a slight reduction in porosity 
is observed. Meanwhile, the porosity further diminishes 

with increasing BBDC/BTC feed ratio to 1:1, which might be 
resulted from the weakened framework crystallinity as con-
fi rmed by the XRD pattern. Taking above-mentioned results 
together, we determined that the BBDC/BTC feed ratios of 1:4, 
1:2.3, and 1:1.5 are optimal for the fabrication of MIL-100-B 
to achieve the good crystallinity of framework, considerable 
boronic acid inclusion level, well-defi ned particle morphology, 
and high surface area. 

   On the basis of the excellent chemical stability of parent 
Cr-based MIL-100, [ 43,51 ]  we expect that the currently developed 
MIL-100-B could be chemically resistant under acidic and mild 
basic conditions. To test their chemical stability, MIL-100-B 
samples synthesized with BBDC/BTC feed ratios of 1:2.3 and 
1:1.5 were soaked in aqueous solutions with different pH 
values for 24 h. [ 52 ]  After that, those MOFs were collected by 
centrifugation and dried at 100 °C in vacuum. XRD patterns 
( Figure    6   and Figure S1, Supporting Information) elucidate that 
MIL-100-B remains intact upon these treatments in accordance 
with our expectation. This exceptional chemical stability, com-
bining with the merits of high porosity, accessible boronic acid 
groups, would make the newly elaborated MOFs applicable for 
the recognition and subsequent sequestration of CBDs. 

    2.2.     The Effects of Boronic Acid Content and pH on 
the Interaction between MIL-100-B and CDBs 

 As a proof of principle, we fi rst investigated the effect of 
the boronic acid content on their extraction capabilities for 
CDBs from aqueous solution with the elaborated MIL-100-B. 
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 Figure 4.    TEM images of a) parent MIL-100 and MIL-100-B synthesized 
with BBDC/BTC feed ratios of b) 1: 9, c) 1:4, d) 1:2.3, e) 1:1.5, and f) 1:1.

 Figure 5.    N 2  adsorption–desorption isotherms of MIL-100-B synthesized 
in different BBDC/BTC feed ratios.

  Table 1.    Textural parameters of parent MIL-100 and MIL-100-B synthe-
sized in BBTC/BTC feed ratios of 1:4, 1:2.3, 1:1.5, and 1:1. 

BBDC:BTC  S  BET  [m 2  g −1 ]  V  P  [cm 3  g −1 ]

0:1 1646 1.05

1:4 1628 0.92

1:2.3 1603 0.90

1:1.5 1452 0.83

1:1 1277 0.72

 Figure 6.    XRD patterns for a) MIL-100-B synthesized with BBDC to BTC 
feed ratio of 1:1.5 and the samples soaked in aqueous solutions with pH 
values of b) 0, c) 7, d) 10, and e) 11 for 24 h.
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Galactose, mannose, xylose, and glucose, commonly present 
in biomass, [ 53 ]  were selected as representative CDBs. After the 
adsorption for a suffi cient time of 24 h at pH 8, the amounts 
of the adsorbed CDBs on the as-synthesized MOFs were 
measured by HPLC ( Figure    7  a). It is noticed that the adsorp-
tion capacities of the utilized MIL-100-B for the selected CDBs 
are much higher than that of unfunctionalized MIL-100 and 
increase with the increase of the incorporated BBDC amounts. 
These indicate that the integrated boronic acid groups do play 
vital roles in the adsorption enhancement of CDBs. Therefore, 
we take MIL-100-B with BBDC/BTC feed ratio of 1:1.5, denoted 
as MIL-100-B (0.4), as an example to further exploit the adsorp-
tion performance. For the examined MIL-100-B samples, we 
fi nd that galactose could be most effectively adsorbed among 
all the CDBs applied in the current work. Given the fact that the 
strength of boronic acid–CDBs interactions is dependent on the 
structure of CDBs, [ 49,54 ]  the most distinguished adsorption of 
galactose in MIL-100-B crystals might be attributed to its rela-
tively high furanose-type isomer content, which facilitates their 
complexation with boronic acids. [ 49 ]  

  It has been well documented that the interactions between 
boronic acid and CDBs are also pH dependent. [ 54 ]  Hence, a 
slight change in media pH can result in a noticeable change 
in the affi nity between the integrated boronic acid in MIL-
100-B and  cis -diol moieties. To estimate the effects of pH on 
the adsorption capabilities of galactose, mannose, xylose, and 
glucose on MIL-100-B (0.4), batches of adsorption experi-
ments were conducted in the pH range from 6 to 9 (Figure  7 b). 
When initial pH is preset at 6, small amounts of CDBs could 
be absorbed from solutions. The adsorbed amounts of CDBs 
increase with increasing solution pH and the adsorption 
capacity of ≈95 mg g −1  for galactose could be achieved when 
the initial solution pH is tuned to 9. This is in good agree-
ment with the general correlation of the boronate affi nity with 
pH, [ 16,54 ]  further verifying that boronic acid units of MIL-100-B 
play the signifi cant role in CDBs recognition and capture. Pro-
viding that one boronic acid group binds one  cis -diol moiety, 
it can be quantifi ed that about 85% of the introduced boronic 
groups have been worked for the capture of CDBs according to 
this adsorption capacity at pH 9. The observed pH-dependent 
CDBs adsorption in the obtained MIL-100-B also suggests that 
these newly developed adsorbents could be regenerated under 
acid conditions.  

  2.3.     Physicochemical Parameters Determination after 
CDBs Occlusion 

 To get the further knowledge about the structural, textural, and 
compositional evolvements of the elaborated MOFs upon its 
interaction with CDBs, we take galactose adsorbed MIL-100-B 
(0.4) (denoted as MIL-100-B (0.4) Ga) as an example for the dis-
cussion in depth. As confi rmed by XRD patterns (Figure S2a,b, 
Supporting Information), the CDBs adsorption did not change 
the original crystalline structure of MIL-100-B (0.4), indicating 
that the resultant MOFs are chemically tolerant to the adsorp-
tion environment. The nitrogen adsorption–desorption curve 
for MIL-100-B (0.4) Ga displays typical IV isotherm (Figure S3, 
Supporting Information), further verifying the fact that the 
CDBs treatment did not destroy the structure integrity of the 
applied MOFs. Furthermore, the decreases in the surface area 
and pore volume are observed after galactose adsorption, due to 
the trapping of the adsorbate molecules in the cages of MOFs. 
FT-IR spectra (Figure S4, Supporting Information) affi rm the 
occlusion of galactose in the MIL-100-B (0.4) after the adsorp-
tion experiment as judged from the appearance of new bands 
at around 2950 cm −1  in the spectrum of MIL-100-B (0.4) Ga, 
which could be assigned to the C-H bonds in the galactose 
molecules. 

 TGA was used to estimate the galactose content in MIL-
100-B (0.4) Ga ( Figure    8  ). The adsorbed galactose should burn 
out along with the decomposition of organic ligands from 
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 Figure 7.    The effects of a) BBDC content and b) pH on the adsorption capacities for the representative CDBs of galactose, mannose, xylose, and 
glucose over MIL-100 or MIL-100-B (25 °C,  C  adsorbate  = 2 g L −1 ).

 Figure 8.    TGA profi les of a) MIL-100-B (0.4) and b) galactose adsorbed 
MIL-100-B (0.4).
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the framework, which occurs between 275 and 450 °C. [ 45,50 ]  
The residues are identifi ed to be Cr 2 O 3  and B 2 O 3  when tem-
perature reaches 550 °C. The preserved weight percentage at 
550 °C for MIL-100-B (0.4) is 35.3% while that for galactose 
adsorbed sample is 32%. Based on these values at 550 °C, the 
galactose content in 1 g of the newly developed MOFs could be 
determined to be ≈93 mg, well consistent with the adsorption 
amount measured by HPLC. 

  To shed light on the molecular interaction of CDBs with 
newly elaborated boronic- acid-functionalized MOFs, the MIL-
100-B (0.4) Ga was digested in NaOD/D 2 O, and analyzed by  11 B 
NMR spectroscopy (Figure S5, Supporting Information). For 
pristine MIL-100-B (0.4), a single signal at –17.3 ppm in the 
range of –10 to –18 ppm could be assigned to B element in free 
BBDC. After galactose adsorption, a broad resonance signal 
centered at –12.4 ppm and a small peak at –17.9 ppm appear 
in the spectrum, which might be characteristic of the fi ve- and 
six-membered B-diol esters, respectively. [ 55 ]  This indicates that 
the CDBs are sequestrated by the currently developed MOFs 
through the affi nity reaction between  cis -diol moieties and the 
accessible boronic acid units in accordance with our proposal.  

  2.4.     Recycle Investigation 

 For the practical applications such as sensing and separation, 
regeneration characteristics of the currently developed MOFs 
are of great importance. To evaluate the desorption of CDBs 
from MIL-100-B, MIL-100-B (0.4) Ga was soaked in 0.1  M  HNO 3  
aqueous solution and shaken at 25 °C for 5 h. After acid treat-
ment, more than 95% of the adsorbed galactose could be 
stripped from the boronic acid containing MOFs, suggesting 
that MIL-100-B (0.4) can be effectively regenerated under rel-
atively mild acidic conditions. The recycle of MIL-100-B for 
CDBs capture was then investigated. It is observed that the 
adsorption capacity of current MOFs for galactose slightly 
decreases from 94.2 to 81.7 mg g −1  with increasing times of 
the reuse (Figure S6, Supporting Information). Moreover, even 
after three consecutive adsorption runs, the crystalline struc-
ture is still preserved as verifi ed by XRD technique (Figure S2c, 
Supporting Information). These results elucidate the excellent 
reusability of MIL-100-B (0.4) as a promising candidate for 
CDBs recognition and subsequent separation.   

  3.     Conclusions 

 In summary, new MOFs with accessible boronic acid group 
suspended in cavities have been successfully synthesized via 
MLFC strategy, in which commercially available ligand frag-
ment of BBDC is used to introduce functional components. 
The integrated boronic acid content could be systematically 
modulated and the crystalline structure of the obtained MOFs 
remains intact in a wide pH range. Thanks to their inherent 
boronic acid group, exceptional chemical stability, as well as 
high porosity, MIL-100-B offers a new platform for the effec-
tive recognition and subsequent separation of CDBs from 
aqueous solution with not only high adsorption capacities but 
also good reusability. Except the current investigated typical 

CDBs of galactose, mannose, xylose, and glucose, the newly 
explored MIL-100-B could be hopefully expanded for the iso-
lation of a wide range of CDBs. Furthermore, given the wide 
potential use of boronic acid group in separation, targeted drug 
delivery, [ 56 ]  sensing, [ 57 ]  and synthetic organic chemistry, [ 58 ]  our 
proposed synthesis strategy could be facilely adopted to incor-
porate boronic acid units into a wide range of MOFs for these 
applications.  

  4.     Experimental Section 
  Materials : 1,3,5-Benzene tricarboxylic acid (BTC), metallic chromium, 

and representative CDBs including galactose, mannose, xylose, and 
glucose were purchased from Aladdin Chemistry Co., Ltd. (Shanghai, 
China).  N , N -dimethylformamide (DMF), HF (40%), and ethanol were 
received from Shanghai Chemical Reagents Company. 5-Boronobenzene-
1,3-dicarboxylic acid (BBDC) was purchased from Energy Chemical 
Reagents Company. Synthetic quartz NMR tubes ( B  < 0.01 ppm) were 
purchased from American Norell Company. 

  Characterizations : Powder X-ray diffraction (XRD) patterns were 
acquired at a rate of 6° min −1  over the range of 2–20° (2 θ ) on Bruker 
D8 equipped with Cu Kα radiation (40 kV, 40 mA). X-ray photoelectron 
spectroscopy (XPS) signals were collected on a VG Micro-MK II 
instrument. N 2  adsorption–desorption isotherms were collected with a 
Quantachrome NOVA 4200E porosimeter at –196 °C. All the samples 
were degassed under vacuum for 12 h before measurements. The specifi c 
surface area and micropore volume were calculated by the Brunauer–
Emmett–Teller (BET) method. Transmission electron microscopy 
(TEM) images were taken on a JEOL JEM-2100 microscope operating 
at 200 kV.  11 B NMR spectra were recorded on a Bruker spectrometer 
operating at 500 MHz. FT-IR spectra were carried out on Nicolet 7000-C 
spectroscopy using the KBr method. Thermogravimetric analysis (TGA) 
was conducted on a Perkin-Elmer thermogravimetric analyzer by heating 
the sample to 800 °C under air atmosphere (50 mL min −1 ) at a heating 
rate of 10 °C min −1 . The samples were degassed in vacuo at 120 °C for 
12 h before TGA analysis. 

  Synthesis of MIL-100-B : To synthesize MIL-100-B with different 
contents of boronic acid groups, the starting materials of metallic 
chromium (52 mg, 1 mmol), BBDC (0.67 x  mmol;  x  = 0, 0.1, 0.2, 0.3, 
0.4, and 0.5), BTC (0.67(1 –  x ) mmol), and H 2 O (4.8 mL, 0.267 mol) 
were introduced into a 25 mL Tefl on reactor. After stirring for 2 h, HF 
(0.5 mmol) was added to the mixture. The resulted solution was stirred 
for another 0.5 h, and then the reactor was sealed and heated in an oven 
at 200 °C for 72 h. After cooled down to room temperature, the obtained 
green solid was collected by centrifugation and soaked in DMF at room 
temperature for 2 h to remove the free BTC and BBDC. The same 
procedure was repeated three times using alkaline aqueous solution 
instead of DMF to remove the fl uoride. [ 59 ]  Then, the obtained green solid 
was washed with acetone before drying at 100 °C under vacuum for 24 h. 

  CDBs Adsorption Experiments : The function of boronic acid groups 
was testifi ed by a batch of adsorption experiments that were conducted 
at room temperature (25 °C) by utilizing representative CDBs such as 
galactose, xylose, mannose, and glucose as the adsorbates. Aqueous 
stock solutions (20 g L −1 ) of galactose, mannose, xylose, and glucose 
were prepared by dissolving the CDBs in deionized water and the test 
solutions were made by the subsequent dilution of the stock solutions. 
Before adsorption, the MIL-100-B were dried at 120 °C in vacuum 
for 12 h and kept in a desiccator. The pH values were adjusted with 
negligible amount of 0.1  M  HNO 3  or 0.1  M  NaOH. The experiments were 
conducted at pH range of 6–9 with an initial adsorbate concentration 
of 2.0 g L −1  and the adsorbent concentration was fi xed at 1.5 g L −1 . 
The mixtures of saccharide solutions and MIL-100-B suspensions 
were placed in a platform shaker at a shaking speed of 180 rpm. The 
residual CDBs in a series of independent solutions were measured after 
a suffi cient adsorption time of 24 h. Then, the samples were centrifuged 
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and the supernatants were fi ltered using membrane fi lters with a pore 
size of 0.22 µm. The concentrations of galactose, mannose, xylose, or 
glucose were determined by high performance liquid chromatography 
(HPLC, Agilent 1120) using a Water Sugar-Pak1 column and an Agilent 
1260 Infi nity refractive index detector (RID). 

  Regeneration Experiments : After the adsorption experiments, the used 
MIL-100-B was separated by centrifugation, and dried at 100 °C. Then, 
the CDBs-occluded MOFs were added into 6 mL of 0.1  M  HNO 3  aqueous 
solution and shaken at 25 °C for 5 h. Finally, the desorbed MIL-100-B 
was washed with pure water twice, and dried for reusing. To investigate 
the reusability of the currently developed MOFs for the adsorption of 
CDBs, 9 mg of regenerated MIL-100-B was dispersed in 6 mL of 2 g L −1  
galactose. After adsorption at pH 9 for 12 h, the mixture was centrifuged 
and the supernatants were fi ltered using membrane fi lters with a pore 
size of 0.22 µm. The concentration of galactose in the fi ltrate was 
measured by HLPC.  
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