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Abstract - In this paper the cubic and tetragonal structure of MOF-5 were successfully synthesized and 
characterized by TGA and SEM analysis. Equilibrium adsorption isotherms of C-MOF-5 and T-MOF-5 for H2 
and CO2 were measured up to 25 bar at 298 K using a volumetric method. The C-MOF-5 adsorbent 
synthesized in this study had a 0.107 and 79.9 wt% adsorption capacities at 298 K and 25 bar for H2 and CO2, 
respectively. T-MOF-5 had a H2 adsorption capacity of 0.122 wt% and CO2 adsorption capacity of 67.6 wt% 
at 298 K and 25 bar. This behavior was attributed to more ZnO units in the T-MOF-5 structure. The difference 
between H2 and CO2 adsorption capacity for the cubic and tetragonal structure of MOF-5, suggests that C-
MOF-5 and T-MOF-5 are potential adsorbents for the separation of CO2 and H2 from gas mixtures, 
respectively. Langmuir, Freundlich and Sips isotherm models were used to correlate the adsorption isotherms. 
The results showed that, at 298 K, the fit of the Sips isotherm to the experimental datawas better than 
Langmuir and Freundlich isotherms. According to TGA results, the thermal decomposition of C-MOF-5 
requires a higher temperature than T-MOF-5. 
Keywords: Adsorption; Hydrogen; Carbon dioxide; MOF-5; ZnO. 

 
 
 

INTRODUCTION 
 

In the last decades, there has been an increasing 
interest in developing gas storage systems for differ-
ent applications such as H2 storage or CO2 capture 
(Marco-Lozar et al., 2012; Saha and Deng, 2009; 
Saha et al., 2009; Lou et al., 2014).  

H2 is important as a new source of energy for au-
tomotive applications. The main challenge in de-
veloping this technology is H2 storage. The develop-
ment of high H2 storage capacity materials and safe 
transportation methods are recognized as require-
ments for the realization of a H2 economy. Also, CO2 
emissions resulting from the burning of fossil fuels 
in ground transportation (cars, public/goods transport 
vehicles) are among the pressing global environmen-
tal problems (Lee et al., 2006). 

Metal–organic frameworks (MOFs), also known 
as coordination polymers, are ideal crystalline sub-
stances for catalysis and gas separation and storage 
(Kurmoo et al., 2005; Zheng et al., 2006). In addi-
tion MOFs generally have high internal surface area 
and, due to the presence of organic linkers and metal 
ligands, it is possible to tune their pore size and vol-
ume (Mishra et al., 2012).  

One of the most important MOFs is the 
Zn4O13C24H12 framework called MOF-5, which was 
first synthesized in 1999 (Li et al., 1999). This frame-
work has potential applications for H2 storage, CO2 
capture and catalysts (Eddaoudi et al., 2002). MOF-5 
consists of Zn4O as metal clusters connected by 1,4-
benzenedicarboxylate (BDC) as a linkers to form a 
porous Zn4O(BDC)3 framework (Li et al., 1999). It 
has been recognized that MOF-5 occupies either 
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cubic (C-MOF-5) or tetragonal (T-MOF-5) struc-
tures (Li et al., 1999; Hafizovic et al., 2007; Kaye et 
al., 2007; Huang et al., 2003). 

Zhang and Hu (2011) showed that the com-
position of cubic and tetragonal MOF-5 calcu-
lated with the formulas of Zn4.28O12.8C24H11.3 and 
Zn4O13C24H12.6(ZnO)1.59(H2O)1.74 respectively. They 
indicated that the formula of the C-MOF-5 sample 
was consistent with the stoichiometric formula of 
novel MOF-5 (Zn4O13C24H12) and the formula of the 
T-MOF-5 sample was very different from the stoi-
chiometrical formula of novel MOF-5, owing tothe 
presence of ZnO and H2O. 

Arjmandi and Pakizeh (2013) showed that T-
MOF-5 had lower surface area, lower porosity, 
smaller and more uniform pore size, and more ZnO 
units compared with C-MOF-5. 

Sarmiento-Perez et al. (2012) used the Grand Ca-
nonical Monte Carlo (GCMC) simulation of CO2 
adsorption on MOF-5 and found the surprising role 
of the BDC organic ligand in this process. They re-
ported that the organic ligands (BDC) have an im-
portant role in CO2 adsorption on MOF-5. 

Skoulidas and Sholl (2005) applied the equilib-
rium molecular dynamics (EMD) and GCMC to 
calculate the diffusion and adsorption of CH4, CO2, 
N2, and H2 in C-MOF-5. They reported that at low 
pressure (1-2 bar), a significant increase in CH4, 
CO2, N2, and H2 adsorption was not observed and at 
high pressure (6-7 bar), only CO2 adsorption was 
increased.  

Spencer et al. (2005) used neutron powder dif-
fraction to determine the H2 adsorption sites in the 
MOF-5 structure. They reported that the ZnO cluster 
was primarily responsible for H2 adsorption while the 
organic ligand (BDC) played only a secondary role.  

Arjmandi and Pakizeh (2014) synthesized and 
characterized (by XRD, FTIR, N2 adsorption tech-
nique at 77 K and particle size analysis) C-MOF-5 
and incorporated it in polyetherimide (PEI) as filler 
to make C-MOF-5/PEI MMMs and study the effect 
of C-MOF-5 on CH4, CO2, N2, and H2 gas permea-
tion through the MMMs. The results showed that C-
MOF-5 nanocrystals have the potential (as filler in 
C-MOF-5/PEI MMMs) to enhance CO2 separation 
from H2, CH4 and N2. 

Arjmandi et al. (2014) investigated the effect of 
more ZnO units in T-MOF-5 than in the C-MOF-5 
structure on the gas permeation properties of T-
MOF-5/PEI MMMs. For this purpose, T-MOF-5 was 
successfully synthesized and carefully characterized 
by XRD, FTIR, SEM and the N2 adsorption tech-
nique at 77 K. The results showed that T-MOF-5 

nanocrystals have the potential (as filler in MMMs) 
to enhance H2 separation from CO2, CH4 and N2.  

Table 1 summarizes the pore textural property of 
C-MOF-5 and T-MOF-5 according to our previous 
studies. 

In the present work, to estimate the amount of 
ZnO in T-MOF-5 compared to C-MOF-5, thermo-
gravimetric analysis (TGA) was performed. To study 
the effect of more ZnO in the structure of T-MOF-5, 
the excess adsorption measurements (by the volu-
metric method) of H2 and CO2 on C-MOF-5 and T-
MOF-5 were studied at 298 K up to 25 bar. The two 
samples were characterized for their topology by 
scanning electron microscopy (SEM) imaging. 
 
 

EXPERIMENTAL 
 
Synthesis of Adsorbents 
 

The cubic and tetragonal forms of MOF-5 were 
synthesized based on previously reported procedures 
(Kaye et al., 2007; Huang et al., 2003). All chemi-
cals used in this study were obtained from Sigma-
Aldrich. 

For the synthesis of C-MOF-5, 0.45 g of 
Zn(NO3)2·6H2O (>98%) and 0.083 g of H2BDC 
(>99%) were dissolved in a100 mL bottle containing 
49 mL of DMF (99.8%) and 1 mL of H2O. After 
heating the solution at 70 °C under vigorous stirring, 
it was placed in an oven at 100 °C for 15 h. The reac-
tion flask was then cooled down to 25 °C. After re-
moving the solvent, the white powder was washed 
six times with 60 mL of anhydrous DMF and six 
times with 60 mL of anhydrous CH2Cl2 (>99.8%) 
(each time 10 h), respectively. Finally, the C-MOF-5 
crystals were dried at 125 °C for 24 h under vacuum. 
A schematic representation of the synthesis of C-
MOF-5 is summarized in Figure 1. 

For the synthesis of T-MOF-5, 1.19 g of 
Zn(NO3)2·6H2O (>98%) and 0.34 g of H2BDC 
(>99%) were dissolved in 40 mL of DMF (99.8%) at 
room temperature. After adding three drops of aque-
ous H2O2 solution, 2.3 mL of triethylamine (TEA, 
>99.5%) was added dropwise to the reaction flask 
under strong agitation at 70 °C for 2 h. After placing 
the flask in an oven at 100 °C for 15 h, it was re-
moved from the oven and cooled down to 25 °C. 
The white solid obtained was filtered and washed 
with DMF three times. Finally, the T-MOF-5 was 
dried at 125 °C for 24 h under vacuum. A schematic 
of the synthesis of T-MOF-5 is summarized in 
Figure 2.  

 



 

 
 

 
F
M
C
 
 

F
h
F
d
 
 
C
 

ti
p
in
A
m
p
in
im
C
 
G
 

5 
b

Species 

C-MOF-5 
T-MOF-5 

Figure 1: Syn
Magnetic hotp
CH2CL2, (11)

Figure 2: Syn
otplate, (6) 

Filter paper, (
ish with a po

Characteriza

As mentio
ion, surface 
roperties of 
n our previou

Arjmandi et 
metric analys

here was use
n T-MOF-5.
mages of C-M

Cam Scan SE

Gas Sorption

The H2 and
and T-MO

ased on the v

An Experiment

Brazilia

Table 

BET sp

nthesis of C
plate, (6) Ov
 Vacuum ove

nthesis of T-
H2O2, (7) TE
(12) DMF, (
orous lid. 

ation of Adso

oned above, t
area measu
MOF-5 sam

us studies (A
al. 2014). In

sis (TGA-50
ed to evaluat
.Scanning el
MOF-5 and T
M model KY

n Measurem

d CO2 adsorp
F-5 were de
volumetric m

al Study of H2 an

an Journal of Che

1: Pore text

pecific surface 
(m2/g) 
2387 
1280 

-MOF-5; (1)
ven, (7) Reac
en, (12) C-M

-MOF-5; (1) 
EA, (8) Ove
13) Petri dis

orbents 

the XRD, FT
urement and

mples/forms 
Arjmandi and

n this article
0 Shimadzu)i
te the amoun
lectron micr
T-MOF-5 we
YKYEM3200

ments 

ption capacit
etermined in

method show

nd CO2 Adsorptio

emical Engineerin

tural proper

area Pore

) Zn(NO3)2·6
ction flask at

MOF-5 powd

Zn(NO3)2·6H
en, (9) Reac
h containing

TIR, N2 adso
d pore textu
were presen

d Pakizeh, 20
e, thermogra
in a N2 atm
nt of ZnO un
roscopy (SE
ere taken usin
0 microscope

ties of C-MO
n the appara

wn in Figure 3

 
 
 
 

on Behavior of C-
 

 
ng Vol. 33,  No. 0

 
 
 
 

rties of C-M

e diameter  
(Å ) 
8.67 
6.30 

6H2O, (2) H
t 25 °C (with
er in a Petri d

 
H2O, (2) H2B
tion flask at

g powder, (14

orp-
ural 
nted 
014; 
avi-

mos-
nits 

EM) 
ng a 
e. 

OF-
atus 
3.  

 
Fig
sor
cy
(8)
cel
val
(16

-MOF-5 and T-M

01,  pp. 225 - 233

MOF-5 and T

Pore volum
(cm3/g) 

0.99 
0.58 

H2BDC, (3) D
h powder + s
dish with a p

BDC, (3) DM
t 25 °C (wit
4) Vacuum o

gure 3: Sch
rption appar
linder, (3) an
) needle valv
ll, (11) need
lve, (14) vac
6) pressure d

MOF-5: A Comple

,  January - Marc

T-MOF-5 sa

me  

Arj
Arj

DMF + H2O,
solution), (8)
porous lid. 

MF, (4) Magn
h powder + 
oven, (15) T

hematic diagr
atus: (1) H2 
nd (4) needl
ve, (9) gas ch
dle valve, (1
cuum pump,

digital indicat

ementary Study   

ch,  2016 

amples. 

Ref. 

jmandi and Pak
jmandi et al. (2

, (4) Magnet
) Petri dish, 

netic stir bar
solution), (

-MOF-5 pow

ram of the v
gas cylinder
e valve, (5) 
harge cell, (
12) regulator
, (15) pressu
tor, (17) com

                         2

kizeh (2014) 
2014) 

tic stir bar, (
(9) DMF, (1

r, (5) Magnet
10) Dish, (1
wder in a Pet

volumetric a
r, (2) CO2 g
regulator, (6
10) adsorptio
r, (13) need

ure transduce
mputer. 

227 

 

(5) 
0) 

 

tic 
1) 
tri 

 

ad-
gas 
6)-
on 
dle 
er, 



22

st
ad
se
(S
g
p
1
by
h
3
p
ad
ex
fr

am
an
g
o
 

P

Z

 

w
fi
ti
se
co
b
p
an
to
R
 
 

 
P
 

ar
M
lo
4
M
ob
w
re
b
sp
as
le

28 

The appar
tainless steel
dsorption ce
els were con
Swagelok, 6D
as entering t
rocess, C-M
00 °C for ab
y a vacuum
igh precision
000 – 2611 
ressure of th
dsorption ex
xperiments 
rom 0 to 25 b

According
mount of ga
nd sorption 
as in these c
f gas adsorbe

1c

PV PV

ZRT ZRT


where subscri
inal equilibri
ion cell, resp
ent volume, 
onstant and 
ent, respecti
ressibility fa
nalysis of th
ors of H2 an

Rabinson (PR

RE

Physical Prop

The result
re shown in 

MOF-5 nano
oss occurred
3% weight l

MOF-5, 1.5 a
bserved in th

weight losses
esults (Zhang
oth samples
ponds to des
ssociated wi
ease CO2 an

ratus consis
l vessels inc
lls (built in-h

nnected to a 
DB series) to
the gas charg

MOF-5 and T
bout 24 h and
m pump (We

n pressure t
– 1 AB04)

he gas and ad
xperiments. T
were condu

bar at ambien
g to the m
as initially a
cells should

cells at the st
ed, based on

1

 
a c

V PV

T ZRT


ipts 1, 2, c an
ium state, g

pectively. Als
pressure, tem
amount of g

ively. As is e
actors (Z) ar
he pure gase
nd CO2 were
R) equation o

ESULTS AND

perties of M

ts of thermog
Figure 4 fo

crystals. For
d in the rang
loss, beginni
and 51.5 wt
he same temp
s. According
g and Hu, 20
s, the first w
sorption of w
ith the decom
nd benzene (

sted of two
cluding the g
house). The 
regulator an

o control the
ge cell. Befo

T-MOF-5 we
d the system
elch, DuoSe
transducers (
) measured 
dsorption cell
The H2 and C
ucted at pre
nt temperatu

material bala
available in 

d be equal to
teady state p

n the followin

2 2c a

PV

ZRT


nd a denote 
gas charge ce
so V, P, T, R
mperature, th
gas adsorbed
evident from
re required f

es. The comp
e calculated 
of state.  

D DISCUSS

MOF-5s 

gravimetric a
r both tetrag
r T-MOF-5, 
e of 30–300
ing at about 
t% weight lo
perature rang
g to Zhang'
011) it can b
weight loss 
water and the
mposition of
(Zhang and 

             M. Arj

Brazilian Jou

o high-press
gas charge a
gas charge v

nd needle va
 pressure of 

ore the sorpt
ere degassed

m was evacua
eal 1376). T
(Danfoss, M
the changes
l in H2 and C
CO2 adsorpt

essures rang
ure. 
ance, the to
the gas cha

o the amount
plus the amo
ng equation:

    adsN  (1

the initial sta
ell and adso
 and Nads rep

he universal 
d by the ads

m Eq. (1), co
for proper d
pressibility f
from the Pe

SION 

analysis (TG
gonal and cu

a 15% wei
0 °C and the

350 ºC. For 
osses were a
ge of T-MOF
's experimen
be said that,
in TGA cor
e second one
f MOF-5 to 
Hu, 2011). 

 
 
 
 

jmandi and M. Pa
 

 
urnal of Chemica

 
 
 
 

sure 
and 
ves-
alve 
the 

tion 
d at 
ated 
Two 

MBS 
s in 
CO2 
tion 
ging 

otal 
arge 
t of 

ount 

1) 

ate, 
orp-
pre-
gas 
sor-
om-
data 
fac-
ng-

GA) 
ubic 
ight 
n a 

r C-
also 
F-5 
ntal 
for 

rre-
e is 
re-
As 

rep
tio
(Zn
aro
po
(Zh
fin
we
wa
(Zh
of 
of 
tha
tur

im
syn
of 
wa
lar
et 
sim
the
mo
 

 
Fig
and
 
Ad
 

MO
bar

(Zn
me
com
on
ad
Lo
exp

akizeh 

al Engineering 

ported by Zh
on from the 
n4O13C24H12)
ound 42 wt%
sition of bot
hang and H

nal residual 
ere 57 and 4
ater). For the
hang and H
T-MOF-5 c
C-MOF-5. 

an T-MOF-5
re of C-MOF

Figure 5 sho
mages of C-

nthesized in 
both the C

as 100-150 n
r SEM pictur

al., 2003; 
milar in size 
esized in thi
orphology. 

gure 4: Ther
d (b) T-MOF

dsorption Eq

The adsorpt
OF-5s at 29
r are plotted 
The form

n4.28O12.8C24H
etric formula
mparison of 

n C-MOF-5 in
sorption on n

ozar et al., 
perimental sy

hang and Hu
chemical f

), the weigh
%. The solid 
th MOF-5s c

Hu, 2011). A
weights of 

48.5 wt%, r
e same amo
u, 2011), th

contain 8.5 w
In addition, 

5 because th
F-5 is higher 
ows the scan
-MOF-5 and

this work. T
C-MOF-5 an
nm, with no d
res were obt
Perez et al.
(70–100 nm

s studythat s

rmogravimet
F-5 samples.

quilibrium

tion isotherm
98 K and pre

in Figures 6
mula of t
H11.3) is con
a of novel M
f the results f
n this study 
novel MOF-
2012), indic
ystem shown

u (2011) base
formula of n
ht percent of

products fro
consist of ca

As shown in 
T-MOF-5 a

respectively 
unt of carbo

he decompos
wt% more Zn

C-MOF-5 i
e decompos
than that of 

nning electro
d T-MOF-5
The range o

nd T-MOF-5
defined morp
tained in lite
., 2009), wi

m) to the nan
showed no d

tric curves of
 

ms of CO2 an
essures in th

6 and 7, respe
he C-MO

nsistent with
MOF-5 (Zn4O

for CO2 and 
with those fo

-5 in the liter
cates the ac
n in Figure 3

ed on calcul
novel MOF
f ZnO units
om the decom
rbon and Zn
Figure 4, th

and C-MOF
(regardless 

on in MOF-
sition produc
nO than tho
is more stab
ition temper
T-MOF-5. 

on microscop
5 nanocrysta
of particle siz
5 nanocrysta
phology. Sim
erature (Huan
ith aggregat
nocrystals sy
defined cryst

f (a) C-MOF

nd H2 on bo
he range 0–2
ectively.  
F-5 samp

h the stoichi
13C24H12). Th
H2 adsorptio

or CO2 and H
rature (Marc
curacy of th

3.  

la-
-5 
is 

m-
nO 
he 
-5 
of 
5s 
cts 
se 

ble 
ra-

pic 
als 
ze 
als 

mi-
ng 
tes 
yn-
tal 

 

F-5 

oth 
25 

le 
o-
he 
on 
H2 
o-
he 



 

C
w
it
in
o
th

so
a 
v
co
th
A
st
ar

n
an
M

C
cl
d
cu
th
C
cl

Figure 6:
25 bar of C

According
CO2 on C-MO
which is abou
ty of CO2 on 
n Figure 7, T
f 0.122 wt%
han the adsor

For physis
ome gases (s

strong corr
olume. For 
omposition 
he adsorption

Anbia et al., 
tructure and 
re important 

As noted 
anocrystals h
nd smaller 

MOF-5 nanoc
Also as me

CO2 and orga
lusters (cont
ifference bet
ubic and tetra
he difference

Considering 
lusters in the

An Experiment

Brazilia

Fig

 CO2 adsorp
C-MOF-5 an

g to Figure 6
OF-5 at 298 
ut 18% highe
T-MOF-5 at 

T-MOF-5 sho
% for H2, wh
rption capaci
sorptive mat
such as CH4),
relation with 
these gases 
of the adsor
n capacity (
2012). In co
chemical co
to increase t
in the previo
have lower s
and more u

crystals.  
entioned ear

anic ligand m
taining ZnO 
tween the am
agonal struct
e of H2 and 
that the org

e MOF-5 stru

al Study of H2 an

an Journal of Che

gure 5: SEM

ption capacit
nd T-MOF-5

, the adsorpt
K and 25 b

er than the ad
298 K. In co

owed an adso
hich is abou
ity of C-MO
terials (such 
, the adsorpti

the surface
the structure

rbent are no
(Coates, 200
ontrast, for H
omposition o
the adsorptio
ous sections
surface area,
uniform pore

lier, T-MOF
molecule and 

units) than 
mount of Zn
tures of MOF
CO2 adsorp

ganic ligand 
ucture are th

nd CO2 Adsorptio

emical Engineerin

M images of (

ty at 298 K a
. 

tion capacity
ar is 79.9 wt
dsorption cap
ontrast, as sho
orption capac
ut 12.3% hig

F-5 for H2. 
as MOFs) a

ion capacity 
e area and p
e and chemi

ot important 
0; Zhou, 20

H2 and CO2

of the adsorb
on capacity. 
, the T-MOF
 lower poros
e size than 

-5 contains l
more inorga
C-MOF-5. T
nO units in 
F-5 brings ab
ption capaciti

and inorga
he major sites

 
 
 
 

on Behavior of C-
 

 
ng Vol. 33,  No. 0

 
 
 
 

(a) C-MOF-5

and Fig
bar

y of 
t%, 

pac-
own 
city 

gher 

and 
has 

pore 
ical 
for 

010; 
the 

bent 

F-5 
sity 
C-

less 
anic 
The 
the 

bout 
ies. 

anic 
s of 

ad
exp
les
on

of 
the
att

cal
sor
lat
 

A

 
wh
res
tem
for
(55
(74
ad
tha
gan

and

-MOF-5 and T-M

01,  pp. 225 - 233

5 and (b) T-M

gure 7: H2 a
r of C-MOF-

sorption of 
pected that C
ss than that 
n T-MOF-5 is

Accordingly
C-MOF-5 w

e higher H2

tributed to th
The adsorpt

lculated from
rption select
ted by using 

/
A

A B
B P

V

V

 
  
 

here VA and 
spectively, a
mperature T.
r CO2 and H
53.77) was
46.73).This 
sorption site
an in T-MOF
nic clusters) 
Results rep

d H2 adsorpt

MOF-5: A Comple

,  January - Marc

MOF-5 samp

adsorption ca
-5 and T-MO

CO2 and H
CO2 adsorpti
on C-MOF-
s more than t
y, the higher

was attributed
adsorption c

he inorganic c
tion selectiv
m their adso
ivity of a ga
Eq. (2) (Lee 

,T

   

VB are the v
adsorbed at a
. The orders
H2 showed t

lower tha
occurred b
s for CO2(or

F-5 and more
in T-MOF-5

ported so far
tion are summ

ementary Study   

ch,  2016 

ples. 

apacity at 298
OF-5. 

H2, respective
ion on T-MO
5. As well, 
that on C-MO
r CO2 adsorp
d to the orga
capacity of T
clusters. 

vities for H2 
orption isothe
as A over gas

et al., 2009)

    

volumes of g
any given p
s of adsorpti
that CO2/H2

an CO2/H2 
ecause ther

rganic ligand
e H2 adsorpti
5 than in C-M
r in the liter
marized in T

                         2

8 K and 25 

ely, it can b
OF-5 should b

H2 adsorptio
OF-5.  
ption capaci

anic ligand an
T-MOF-5 w

and CO2 we
erms. The a
s B was calc
): 

     (2

gases A and B
pressure P an
ion selectivi
2 in T-MOF
in C-MOF
e were mo

d) in C-MOF
ion sites (ino

MOF-5.  
rature on CO

Table 2.  

229 

be 
be 
on 

ity 
nd 

was 

ere 
ad-
u-

2) 

B, 
nd 
ity 
-5 
-5 

ore 
-5 

or-

O2 



 
 
 
 

230              M. Arjmandi and M. Pakizeh 
 

 
Brazilian Journal of Chemical Engineering 

 
 
 
 

Table 2: High-pressure CO2 and H2 excess adsorption data at 298 K for selected porous MOFs. 
 

MOFs BET  
surface area 

(m2/g) 

Pressure 
(bar) 

H2 uptake 
(wt%) 

H2 uptake 
(mol/m3) 

CO2 uptake 
(wt%) 

CO2 uptake 
(mol/m3) 

Ref. 

MIL-53-Ala - 25 - - 44.04 10122.52 Bourrelly et al. (2005)
MIL-53-Cra - 25 - - 44.04 10122.52 Bourrelly et al. (2005) 
MIL-100b 1900 50 - - 79.27 12596.92 Llewellyn et al. (2008) 
MIL-101b 4230 50 - - 176.16 17545.71 Llewellyn et al. (2008) 
MIL-47a - 20 - - 484.84 11247.25 Bourrelly et al. (2005) 
MOF-5 2296 35 - - 95.57 13046.81 Millward and Yaghi (2005)
IRMOF-6 2804 40 - - 87.20 12866.85 Millward and Yaghi (2005)
MOF-177 4750 42 - - 147.53 14396.48 Millward and Yaghi (2005)
MIL-100 - 90 0.15 515.91 - - Latroche et al. (2006) 
MIL-101 - 80 0.43 912.76 - - Latroche et al. (2006) 
PCN-10c 1407 45 4.2 15973.17 - - Wang et al. (2008)
PCN-11c 1931 45 5.04 18751.12 - - Wang et al. (2008) 
PCN-6 - 50 0.93 - - - Furukawa et al. (2007) 
HKUST-1 1154 65 0.35 - - - Panella et al. (2006) 
IRMOF-8 - 30 0.40 1150.86 - - Dailly et al. (2006) 
MOF-5 3800 100d 0.57e - - - Kaye et al. (2007) 
MOF-5c 3800 100d 7.60 20884.18 - - Kaye et al. (2007) 
IRMOF-8 + Pt/AC - 100 4.0 - - - Li and Yang (2006) 
MOF-5 + Pt/AC - 100 3.0  - - - Li and Yang (2006) 
C-MOF-5 2387 25 0.107 296.71 79.90 10148.63 This study 
T-MOF-5 1280 25  0.122 347.38 67.56 8811.51 This study 

a Measured at 302 K 
b Measured at 304 K 
a Measured at 77 K 
c Absolute pressure 
d Absolute adsorption 

 
The equilibrium adsorption isotherm is the basis 

for describing the interaction between adsorbent and 
adsorbate. In this study, the Langmuir (1916), Freun-
dlich (1906) and Sips (1948) models were used to 
correlate the adsorption isotherms. 

The Langmuir isotherm is written as: 
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where qe is the H2 and CO2 adsorbed amount on 
MOF-5s, p is the gas pressure, am and b are the Lang-
muir isotherm equation parameters. 

The Freundlich isotherm is given by: 
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e Fq k p              (4) 

 
where kF and n are the Freundlich isotherm equation 
parameters that can be determined from the experi-
mental H2 and CO2 adsorption isotherms.  

The Sips isotherm is a combined form of the 
Langmuir and Freundlich equations deduced for 
heterogeneous adsorption systems circumventing 
the limitation of the increasing adsorbate concentra-
tion associated with the Freundlich isotherm model. 
At low adsorbate concentrations, the Sips isotherm 
reduces to the Freundlich isotherm; while at high 

concentrations, it predicts a monolayer adsorption 
capacity characteristic of the Langmuir isotherm. 
The Sips isotherm is given by: 
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where ks, αs and β are the Sips isotherm constants. 
These three isotherms were fitted to each of the 
adsorption data. The adsorption isotherm equation 
parameters for the Langmuir, Freundlich and Sips 
equations are listed in Table 3. 

Figure 8(a),(b) compares the experimental H2 
and CO2 adsorption isotherm on the cubic and te-
tragonal structures of MOF-5 through the Langmuir, 
Freundlich and Sips isotherms.  

It can be seen from these figures that all three 
isotherm models can reasonably describe the H2 and 
CO2 adsorption isotherms on the two MOF-5 adsor-
bents, but none of them is accurate enough to pre-
dict all isotherms without any error. 

The criteria associated with the selection of the 
best isotherm model were essentially based on the 
correlation coefficient and R2. The correlation coef-
ficient shows the fit between experimental data and 
the isotherm model, while the value of R2 quantifies 
the goodness of fit between the experimental data 
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