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Two isoreticular microporous Zn(II)-MOF were constructed 
using a bipyridine-type linker mixed by two homologous 
ligands, 1,4-benzenedicarboxylate, [Zn2(BDC)2(4-
bpdh)].3DMF (TMU-16) and amino-1,4-
benzenedicarboxylate, [Zn2(NH2-BDC)2(4-bpdh)].3DMF 
(TMU-16-NH2). Both unmodified and amino functionalized 
MOFs can serve as host for encapsulating I2. In particular, 
the amino functionalized MOF can find more applications in 
the encapsulation of iodine. 

During the past few years the synthesis and characterization of 
supramolecular compounds and microporous metal-organic 
frameworks (MOFs), which are new types of zeolite analogues, is 
one of the most rapidly developing areas of chemical science.1 These 
materials have unquestionably enormous potential for many practical 
structure-related applications. This includes the more traditional 
areas of storage, separation or controlled release of gases, catalysis, 
sensing, and drug delivery, as well as adsorptive removal of 
hazardous materials, which are based on the pore size and shape as 
well as the host-guest interactions involved.2 

The research of iodine in the life sciences, marine atmosphere, 
materials science and nuclear industries has become a growing 
active field. So the study of enrichment of iodine is more valuable.3 
Driven by the recent successful encapsulation of functional species 
such as drugs, dyes, light emitters, explosives, etc. into the cavities, 
we 4 and others 5 were successfully used metal-organic frameworks 
for removal and recovery of iodine. In recently reported work, the 
non-interpenetrating microporous mixed-ligand MOF based on 
octahedral cage-like building units was used as a host for 
encapsulating I2.

6 In another work, Su and coworkers used two 

isoreticular microporous polycatenane-like MOFs for rapid 
adsorption of iodine.7  

A key to accessing advanced MOF materials suitable for more 
specialized applications is to introduce different functional groups 
into these networks. The ability to modify the physical environment 
of the pores and surfaces within MOFs would allow tuning of the 
interactions with guest species, and serve as a route to tailor the 
chemical reactivity of the framework.8 The use of amine-tagged 
ligand may enhance the adsorbent-adsorbate interactions through 
host-guest hydrogen-bonding to enhance iodine adsorption.9 There 
are some reports that show tuning of the chemical functionality of 
the pore walls in the MOFs by amine as a Lewis basic group 
increase CO2 uptake and adsorption selectivity.10 Herein we reported 
a detailed investigation that demonstrates the influence of amine 
group on the ad/desorption rates of iodine in two novel isoreticular 
two-fold interpenetrated pillared-layer microporous Zn(II) metal-
organic frameworks (Scheme 1). 

 
Scheme 1 Schematic view of comparative synthesis for TMU-16 and TMU-
16 -NH2. 

Using long, rigid bipyridyl-based ligand, 2,5-bis(4-pyridyl)-3,4-
diaza-2,4-hexadiene (4-bpdh), linear 1,4-benzenedicarboxylate 
(BDC) and Zn(NO3)2, a microporous MOF [Zn2(BDC)2(4-
bpdh)].3DMF (TMU-16, TMU corresponds to Tarbiat Modares 
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University) was designed to have a primitive cubic framework with 
pores that can be tuned by double interpenetration to have 1D 
channels of approximately 7.1 × 4.6 Å in cross section (including 
van der Waals radii). There is a considerable number of functional 
porous coordination polymers which have been synthesized using 
the 4-bpdh as a neutral azine or azo chromophore containing 
bipyridyl ligand,11 in combination with dicarboxylate using the 
pillar-layer technique.12 The pyridyl based spacer can act as a pillar 
to link the metal-carboxylate layer to produce higher dimensional 
crystalline novel topological frameworks containing the channels or 
cavities.13 Furthermore, to investigate the influence of amine group 
on the adsorption and desorption rate of iodine, the pores in the 
MOF was successfully functionalized with potentially reactive 
groups (-NH2) without changing the SBU or the underlying 
framework topology. And the amine-functionalized isoreticular 
framework, [Zn2(NH2-BDC)2(4-bpdh)].3DMF (TMU-16-NH2) was 
synthesized by using amine substituted BDC ligand. 

A guest-filled phase, TMU-16, was synthesized by the 
solvothermal reaction of BDC, 4-bpdh, and Zn(NO3)2·6H2O in DMF 
at 115 °C for 72 h, and isolated as yellow block-shaped crystals. The 
analogues one, TMU-16-NH2, was synthesized using NH2-BDC 
under the same conditions but at lower temperature, 80 °C. The 
formula of the compounds was determined to be [Zn2(BDC)2(4-
bpdh)].3DMF and [Zn2(NH2-BDC)2(4-bpdh)].3DMF, for TMU-16 
and TMU-16-NH2, by elemental microanalysis and single-crystal X-
ray diffraction studies. The phase purity of the bulk materials were 
independently confirmed by both powder X-ray diffraction (PXRD) 
and thermal gravimetric analysis (TGA). 

TMU-16 and TMU-16-NH2 are isostructural and crystallize in 
the monoclinic space group C2c. TMU-16 is composed of paddle-
wheel dinuclear zinc carboxylate units {Zn2(COO)4} (Figure S1a in 
the SI), which are bridged by the BDC ligands to form a distorted 
2D square grid. The 2D square grids are pillared by 4-bpdh 
molecules, whose nitrogen atoms occupy the axial sites of the 
{Zn2(COO)4} paddle wheels (Figure 1a and S1b, S1c in the SI), to 
form a 3D framework with a topology that can be described as 
primitive cubic lattice (RCSR symbol pcu)14 (Figure 1b). Two of the 
3D frameworks interpenetrate in TMU-16, reducing the pore size. A 
1D channel occurs in the direction of the rectangular diagonal of the 
paddle-wheel clusters (Figure 1c and S1d-f in the SI). This channel 
has a cross section of approximately 7.1 × 4.6 Å (including van der 
Waals radii), thus suggesting microporous characteristic of TMU-16 
and TMU-16-NH2 (Figure 1d and Figure S2 in the SI). Moreover, 
the powder X-ray diffraction data show the two compounds are 
isotypic with each other (Figure 1e). Comparison of the calculated 
free volume in fully desolvated crystals of the compounds by 
PLATON shows that it varies in decrements from 3648.4 Å3 per unit 
cell (42.7% of the cell volume) in TMU-16 to 2286.1 Å3 (27.6%) in 
TMU-16-NH2.

15 

 

Figure 1. (a) Asymmetrical paddle wheel Zn2(X-BDC)2(4-bpdh) unit and its 
coordination geometry in (TMU-16; X = H, TMU-16-NH2; X = NH2), (b) an 
elongated primitive cubic net of TMU-16 viewed along c axis which contains 
1D channels of 13.4 × 11.8 Å. Representations of the structures of the open 
phase TMU-16 (c) and TMU-16-NH2 (d), which contains 1D channels of 7.1 
× 4.6 Å, viewed along the rectangular diagonal of the paddle-wheel clusters. 
The two interpenetrating frameworks are shown in purple and green for 
TMU-16, and blue and red for TMU-16-NH2 . All hydrogen atoms and the 
disordered guest molecules are omitted for clarity. (e) PXRD of simulated 
and as-synthesized TMU-16 and TMU-16-NH2. 

TGA data indicate that TMU-16 and TMU-16-NH2 release 
their guest molecules over the temperature range 25-280 and 25-230 
°C to form the guest-free phases, [Zn2(BDC)2(4-bpdh)] and 
[Zn2(NH2-BDC)2(4-bpdh)], respectively (Figure S3 in the SI). 
Weight losses of about 23% were measured for both MOFs, which 
are attributed to the loss of 3 DMF (Calc.: ~24%). The networks 
TMU-16 and TMU-16-NH2 are thermally stable to 360 and 320 °C, 
respectively, as evidenced by the fact that no additional weight loss 
were observed at those temperatures, after which the frameworks 
eventually decompose. 

To explore the absorption ability of compounds to I2, the fresh 
samples of TMU-16 and TMU-16-NH2 (100 mg) were immersed in 
a hexane (3 mL) solution of I2 (0.005 mol L-1) and were monitored in 
real time with a camera. For the amine contained network, TMU-16-
NH2, the color of the crystals intensified from orang to dark brown 
(30 min) quickly. And the dark brown solutions of I2 faded quickly 
to colorless in less than 30 minutes (Figure 2a and S4 in the SI). 
While, in non-functionalized analogue, TMU-16, the dark brown 
solutions of I2 faded slower to colorless in about 2 hours (Figure 2b 
and S5 in the SI). Gravimetric analysis and TGA curves show that 
each formula units in TMU-16 and TMU-16-NH2 can adsorb about 
0.6 I2 (4.8 I2 molecules per each unit cells) (Figure S6 in the SI). The 
entry of I2 into the TMU-16 and TMU-16-NH2 host frameworks 
lead to a distinct decrease of the intensity of the adsorption band at 
520 nm that correspond to the concentration of I2 (Figure 2c, d). The 
rapid decline of the UV/vis peak also proves that TMU-16-NH2 can 
1.4 times faster adsorb iodine compared with non-functionalized 
analogue (Figure S7 in the SI). The adsorption amount of I2 was the 
same for both networks (~45%). The amount of the adsorption is the 
fifth highest compared to the reported MOFs.6 The exceptional 
affinity of both TMU-16 and TMU-16-NH2 for I2 may be attributed 
to the structural character of the regular π-electron walls made of 4-
bpdh. That is, there is a striking difference compared to conventional 
adsorbent materials that are lacking an accessible interaction 
between I2 and host. 

Page 2 of 4CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



Jou

This

Fig
16-N
mol
adso

fram
Wh
soa
gra
resp
gra
the 
am
roo
eth
and
I2 
TM
fun

Fig
I2@
UV
rele

solu
wit
abs
and
pol
obt
the
in t
and
to 
com
to 
con
des

urnal Name 

s journal is © Th

ure 2. Photograp
NH2 and (b) TM
l L-1). The UV/vi
orption process o

The encapsu
meworks upon
hen the crystal
aked in dry et
adually from d
pectively, and 

adually from co
SI). To further

ine-functionaliz
om temperature.
anol increase l

d UV spectra fo
sorption proce

MU-16 is rel
nctionalized ana

ure 3. Photograp
@TMU-16-NH2  a
V/vis spectra of 
easing process of 

Temporal ev
ution shows λm

th increasing I
sorption band at
d the absorpti
lyiodide ions (I
tained from the
se interactions 
the second stag
d a complete I2 
attain the equ

mbining abunda
achieve a be

nventional ads
sorption rates 

e Royal Society o

phs showing the c
MU-16 were soake

is spectrum of (c)
of iodine. 

ulated I2 coul
n immersion o
ls of I2@TMU
thanol, the co

dark brown to 
d the color of

lorless to darke
r investigate th
zed networks, 
. For both hosts
linearly with tim
or both I2@MO
ess of compou
leased iodine 
alog (Figure S10

phs showing the
and (b) I2@TMU

(c) I2@TMU-1
iodine. 

olution of the U
max at 210, 280 a
I2 content (Fig
t 210 nm is pro
ion bands at 
I3−), which are 
e reaction of I
fade out with i

ge is mainly go
release from I2

uilibrium state. 
ant π-electron w
etter controlle
sorbents.17 The

between the

of Chemistry 201

color change whe
ed in hexane solu
) TMU-16-NH2 a

ld be easily 
of I2@MOFs 
U-16 and I2@
olor of the bo
orange and ye
f the ethanol 
er yellow (Figur
e kinetics of I2 
UV/vis spectr

s frameworks th
me (Figure 3c, 

OFs releasing I2

unds are reve
1.8 times 

0 in the SI).  

e I2 release proce
U-16 were immers
16-NH2 and (d)

UV/vis spectra
and 360 nm, wh
gure 3 c, d). T
oportional to th
280 and 360
generally stabi

I2 with decomp
increasing I2 ex

overned by a fr
@MOFs needs

The regular 
walls may cum

ed release of 
e differences 
e non- and 

12 

en 100 mg of (a) 
utions of I2 (3 mL
and (d) TMU-16

removed from
in organic sol

@TMU-16-NH2

oth crystals ch
ellow about 30

solutions dee
re 3a, b and S8,
delivery of non

ra were record
he absorbance o
d). The photog

2 demonstrate th
ersible. Interest
faster than a

ess when 50 mg
sed in EtOH (3 m

I2@TMU-16 f

a of iodine in e
hich become str
The intensity o
he concentration

nm correspo
lized by H+ ion

posed iodide.16

xtrusion, the de
ree diffusion pr
s more than one
confined micro

mulate the adva
I2, in contra
in adsorption

amine-function

 

TMU-
L, 0.005 

for the 

m the 
lvents. 

2 were 
hanged 
0 min, 
epened 
, S9 in 
n- and 
ded at 
of I2 in 
graphs 
hat the 
tingly, 
amine-

 

g of (a) 
ml). The 
for the 

ethanol 
ronger 
of the 
n of I2, 
ond to 
ns and 

6 Once 
elivery 
rocess, 
e week 
opores 

antages 
ast to 
n and 
nalized 

frame
intera
amine
weak
lower
the n
faster
confir
It wa
soluti
distin
frame
appea
pheno
TMU
sensit

Con

In s
micro
on zi
funct
TMU
furth
block
new 
assem
frame
more
funct
deliv
faster
netw
 S
and T
ackno
 
Note
Depar

Unive

E-mai

†

crysta

detail

respec

 
1(a) 

eworks probab
actions as well 
e-functionalized
N-H…I intera

r desorption rat
non-functionaliz
r desorption ra
rmed by the IR
as worth to sa
ion for about 
nctly weakened
eworks upon im
ared again (F
omenon can be

U-16 and TMU
tivity of X-ray.

nclusions 

summary, tw
oporous MOF
inc cations, ri
tionalized liga
U-16 and TM
er support th
ks in the assem
structure but 

mbling MOFs
ework TMU-

e applications i
tionalized netw

very of iodine
r. However, th
orks. 
upport of this 

The Iran Natio
owledged. 

es and refer
rtment of Che

ersity, P.O. Box 

il: morsali_a@m

Electronic 

allographic data 

s]. CCDC 1006

ctively. See DOI

N. Stock an
O'Keeffe an
 B
Clancy, E. B
2006, 118, 
Maspoch, C
Morsali an
 A
and A. Yan
Askarinejad
143. 

bly resulted 
as different po

d cavities and s
actions, so lead
tes compared w
zed larger cav
ate. Further, the

and the PXRD
ay that when t
30 minutes, m

d, but when 
mmersing of th
igures S11, S
well explained

U-16-NH2 which

wo isostructu
Fs have been s
igid bipyridyl-
ands. The ad/d
MU-16-NH2 
e idea that ju

mbly process c
also incorpor

 with NH2 g
16-NH2 as hy
in the encapsu
work shows t
e from the n
he iodine con

investigation 
onal Science F

ences 
emistry, Faculty

14115-175, Tehr

modares.ac.ir 

Supplementary 

in CIF format

208 and 100620

I: 10.1039/c0000

nd S. Biswas, Che
nd O. M. Yagh
B. Chen, C. Lia
B. Lobkovsky, O
1418; (d)  A. Ca

Chem. Soc. Rev., 2
d L.-G. Zhu, H
A. K. Hall, J. M. 
ovsky, CrystEngC
d and A. Morsal

CO

J. Name

from the di
ore volume of 
surfaces of TM

ds to faster sorp
with TMU-16. 
vities of TMU
e integrity of 

D data (Figures 
the crystals w

most of the pe
the I2 was r

the crystals in 
S13 in the 
d by the high a
h has a signifi

ural two-fold
successfully s
-based ligand 
desorption rate
were compar
udicious selec
can not only g
rate interestin

group tagged 
ydrogen bond
ulation of iodin
the faster ads

non-functional
ntents were ve

by Tarbiat M
Foundation (IN

y of Sciences

ran, Islamic Rep

Information (ES

t and full synth

09 for TMU-16 

000x/ 

em Rev, 2012, 112
hi, Chem. Rev., 
ang, J. Yang, D.

O. M. Yaghi and S
arne, C. Carbon
2011, 40, 291; (e)

Helv. Chim. Acta
Harrowfield, A. 

Comm, 2000, 2, 8
li, Inorg. Chem.

OMMUNICAT

., 2012, 00, 1‐3

fferent host-g
the networks. 

MU-16-NH2 ma
ption and of co
On the other h

U-16 results to 
the framework
S11-S16 in the 

were soaked in 
eaks in the PX
emoved from 
ethanol the pe

SI). The unu
amount of iodin
cant impact on

d interpenetra
synthesized ba

and non-/am
es of iodine fr
red. Our res
ction of build
give a predicta
ng properties. 

on linker of 
d donor, can 
ne. While, am
sorption rate, 
lized homolog
ery close for b

odares Univer
NSF) is gratef

, Tarbiat Mod

public of Iran. 

SI) available: [X

hetic and analy

and TMU-16-N

2, 933; (b)  M. 
2012, 112, 675
 S. Contreras, Y

S. Dai, Angew. Ch
nell, I. Imaz and
)  A. 
a, 2006, 89, 81
Morsali, A. A. S

82; (g)  A. 
 Commun., 2006

ION 

3 | 3 

guest 
The 
ke a 

ourse 
hand, 

the 
ks is 

SI). 
the 

XRD 
the 

eaks 
usual 
ne in 
n the 

ated 
ased 

mine-
from 
sults 
ding 
able 
So, 
the 

find 
mine-

the 
g is 
both 

rsity 
fully 

dares 

X-ray 

ytical 

NH2, 

; (c) 
Y. L. 
hem., 
d D. 

; (f) 
Soudi 

6, 9, 

Page 3 of 4 CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



COMMUNICATION  Journal Name 

4 | J.  Name., 2012, 00, 1‐3  This journal is © The Royal Society of Chemistry 2012 

2(a)  H. B. Tanh Jeazet, C. Staudt and C. Janiak, Dalton Trans., 2012, 
41, 14003; (b)  M. Yoon, R. Srirambalaji and K. Kim, 
Chem Rev, 2012, 112, 1196; (c)  A. Betard and R. A. Fischer, 
Chem Rev, 2012, 112, 1055; (d)  J. A. Mason, M. Veenstra and J. 
R. Long, Chemical Science, 2014, 5, 32. 

3(a)  H. J. Choi and M. P. Suh, J. Am. Chem. Soc., 2004, 126, 15844; 
(b)  D. F. Sava, M. A. Rodriguez, K. W. Chapman, P. J. 
Chupas, J. A. Greathouse, P. S. Crozier and T. M. Nenoff, J Am 
Chem Soc, 2011, 133, 12398; (c)  M. Kyotani, S. Matsushita, T. 
Nagai, Y. Matsui, M. Shimomura, A. Kaito and K. Akagi, J. Am. 
Chem. Soc., 2008, 130, 10880. 

4(a)  L. Hashemi and A. Morsali, CrystEngComm, 2012, 14, 779; (b) 
 CrystEngComm, 2012, 14, 8349; (c) 
 CrystEngComm, 2014, 16, 4955; (d)  S. 
Khanjani and A. Morsali, CrystEngComm, 2012, 14, 8137. 

5(a)  Z. Yin, Q. X. Wang and M. H. Zeng, J. Am. Chem. Soc., 2012, 
134, 4857; (b)  J. T. Hughes, D. F. Sava, T. M. Nenoff and 
A. Navrotsky, J. Am. Chem. Soc., 2013, 135, 16256; (c) 
 Z. M. Wang, Y. J. Zhang, T. Liu, M. Kurmoo and S. 
Gao, Adv. Funct. Mater., 2007, 17, 1523; (d)  Z.-J. 
Zhang, W. Shi, Z. Niu, H.-H. Li, B. Zhao, P. Cheng, D.-Z. Liao 
and S.-P. Yan, Chem. Commun. (Cambridge, U. K.), 2011, 47, 
6425; (e)  Q.-K. Liu, J.-P. Ma and Y.-B. Dong, Chem. Commun. 
(Cambridge, U. K.), 2011, 47, 7185. 

6 W.-W. He, S.-L. Li, G.-S. Yang, Y.-Q. Lan, Z.-M. Su and Q. Fu, 
Chem. Commun. (Cambridge, U. K.), 2012, 48, 10001. 

7 L. Chen, K. Tan, Y. Q. Lan, S. L. Li, K. Z. Shao and Z. M. Su, 
Chem Commun (Camb), 2012, 48, 5919. 

8(a)  M. E. Braun, C. D. Steffek, J. Kim, P. G. Rasmussen and O. M. 
Yaghi, Chem. Commun., 2001, 2, 2532; (b)  S. M. Cohen, Chem 
Rev, 2012, 112, 970; (c)  Z. Zhang, W. Y. Gao, L. 
Wojtas, S. Ma, M. Eddaoudi and M. J. Zaworotko, Angew Chem 
Int Ed Engl, 2012, 51, 9330. 

9(a)  L. Brammer, E. A. Bruton and P. Sherwood, Cryst. Growth Des., 
2001, 1, 277; (b)  M. Felloni, P. Hubberstey, C. Wilson and 
M. Schroder, CrystEngComm, 2004, 6, 87. 

10(a)  A. Khutia and C. Janiak, Dalton Trans., 2014, 43, 1338; (b) 
 R. Vaidhyanathan, S. S. Iremonger, K. W. Dawson and 
G. K. H. Shimizu, Chem. Commun. (Cambridge, U. K.), 2009, 
5230; (c)  R. Vaidhyanathan, S. S. Iremonger, G. K. H. Shimizu, 
P. G. Boyd, S. Alavi and T. K. Woo, Science, 2010, 330, 650; (d) 
 K. C. Stylianou, J. E. Warren, S. Y. Chong, J. Rabone, 
J. Bacsa, D. Bradshaw and M. J. Rosseinsky, Chemical 
Communications, 2011, 47, 3389; (e)  T. M. McDonald, W. 
R. Lee, J. A. Mason, B. M. Wiers, C. S. Hong and J. R. Long, 
Journal of the American Chemical Society, 2012, 134, 7056; (f) 
 J. An, S. J. Geib and N. L. Rosi, Journal of the 
American Chemical Society, 2010, 132, 38; (g)  B. Yuan, 
D. Ma, X. Wang, Z. Li, Y. Li, H. Liu and D. He, Chemical 
Communications, 2012, 48, 1135. 

11(a)  D. M. Ciurtin, Y.-B. Dong, M. D. Smith, T. Barclay and H.-C. zur 
Loye, Inorg. Chem., 2001, 40, 2825; (b)  A. R. Kennedy, K. 
G. Brown, D. Graham, J. B. Kirkhouse, M. Kittner, C. Major, C. 
J. McHugh, P. Murdoch and W. E. Smith, New J. Chem., 2005, 
29, 826. 

12(a)  B. Bhattacharya, D. K. Maity, P. Pachfule, E. Colacio and D. 
Ghoshal, Inorganic Chemistry Frontiers, 2014, 1, 414; (b) 
 R. Dey, B. Bhattacharya, P. Pachfule, R. Banerjee and 
D. Ghoshal, CrystEngComm, 2014, 16, 2305. 

13 B. Bhattacharya, R. Haldar, R. Dey, T. K. Maji and D. Ghoshal, 
Dalton Trans., 2014, 43, 2272. 

14 M. P. O’Keeffe, M. A.; Ramsden, S. J.; Yaghi, O. M. Acc. Chem. 
Res. 2008, 41, 1782. RCSR can be accessed at rcsr.anu.edu.au. 

15(a)  A. C. S. A. P. van der Sluis and A. L. Spek, 1990, 46, 194; (b) 
 P. A. L. Spek, A multipurpose crystallographic tool, 
Utrecht. University, The Netherlands, 2001. 

16 M.-H. Zeng, Q.-X. Wang, Y.-X. Tan, S. Hu, H.-X. Zhao, L.-S. 
Long and M. Kurmoo, J. Am. Chem. Soc., 2010, 132, 2561. 

17 G. DeBoer, J. W. Burnett and M. A. Young, Chem. Phys. Lett., 
1996, 259, 368. 

 

Page 4 of 4CrystEngComm

C
ry

st
E

ng
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t


