
Open Journal of Inorganic Chemistry, 2017, 7, 17-27 
http://www.scirp.org/journal/ojic 

ISSN Online: 2161-7414 
ISSN Print: 2161-7406 

DOI: 10.4236/ojic.2017.72002  March 31, 2017 

 
 
 

Hydrothermal Synthesis and Characterization 
of Copper Glycinate (Bio-MOF-29) and Its in 
Vitro Drugs Adsorption Studies 

Tabinda Sattar, Muhammad Athar 

Instituite of chemical sciences, B.Z.U Multan, Pakistan 

 
 
 

Abstract 
A new porous compound, Copper glycinate (Bio-MOF-29), [Cu(C2H4NO2)2 

(H2O)] has been synthesized by the hydrothermal method and characterized 
by single crystal XRD analysis. Bio-MOF-29 crystallized in orthorhombic 
crystal system with P212121 space group. In vitro adsorption studies of four 
different drugs, terazosine hydrochloride, telmisartan, glimpiride and rosu- 
vastatin have been carried out for Bio-MOF-29. Drugs adsorption estimations 
of drugs loaded Bio-MOF-29 have been carried out through High Per- 
formance Liquid Chromatography (HPLC), which reveals that these drugs are 
successfuly adsorbed in it. Also the slow release of adsorbed drugs after inter- 
vals was observed through HPLC. Thermograms and powder XRD patterns of 
Bio-MOF-29 before and after drugs adsorption were also recorded to ela- 
borate the phenomenon of drugs adsorption in Bio-MOF-29. 
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1. Introduction 

In the interim of the last decade of 20th century, the metal organic frameworks 
(MOFs), due to their porosity and multifunctional properties have been of great 
interest to the researchers [1] [2] [3] [4] [5]. With the passage of time, new dis-
coveries have been made in this field. The use of nitrogen based ligands is get-
ting more importance to construct the MOFs due to their greater potential for 
gases as well as drugs storage [6] [7] [8] [9] [10]. Use of amino acids as linker 
molecules is also a new strategy to develop such frameworks with potential utili-
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ty for the storage of drugs [11] [12] [13]. While designing the synthesis of new 
MOFs for use in drug delivery, two important factors such as non-toxicity and 
biocompatibility should be considered. Therefore, use of the metal cations like 
copper, nickel, manganese etc. and bio-linker molecules such as amino acids for 
the construction of MOFs will prove beneficial in the field of drug delivery [14] 
[15] [16] [17] [18]. 

J. An et al. have reported the construction of Bio-MOF-1 which is actually the 
representative of the series of recently discovered class of bio-metal organic 
frameworks (Bio-MOFs) [19] [20] [21]. Successful drug adsorption and release 
phenomenon have been investigated through Bio-MOF-1. Strong ionic interac-
tion between the drug and the framework of Bio-MOF-1 has supported the idea 
that drugs can be successfully entraped and delivered from such frameworks. 
Furthermore, Bio-MOFs have also been reported for their gas storage property 
[22] [23] [24] [25]. 

Recent studies are based on the synthesis of a new bio-MOF in which nitrogen 
based glycine has been used as a linker molecule and copper metal is used as a 
connector to construct the framework. This newly synthesized Bio-MOF-29 has 
been characterized and evaluated for its procainamide hydrochloride adsorption 
property. In vitro drug adsorption in this compound will open new gateways for 
in vivo drug adsorption which will be beneficial for the sake of mankind [25]. 

2. Results and Discussions 

The new material has been synthesized hydrothermally and named as Bio-MOF- 
29 because it is the metal organic framework based on bio molecule (glycine) as 
a linker and copper metal with atomic number 29. Structure of Bio-MOF-29 has 
been assessed by the single crystal XRD analysis and its drug adsorption proper-
ty has been evaluated by means of TGA, XRD and HPLC studies. 

2.1. Crystallographic Data and Structure Refinement 

An X-ray crystal structure of Bio-MOF-29 was determined on a Bruker Smart 
Apex II CCD area detector diffractometer with graphite-monochromated MoKα 
(λ = 0.71073 Å) radiation [26]. A single crystal was mounted on a glass capillary 
and data were colected at 273 K. For the sake of the data collection and refine-
ments all computer programs used are contained in the Bruker program pack-
ages Smart, Saint and SHELXTL. 

The structure was solved by direct method, which located the positions of 
copper atoms and most of non hydrogen atoms. Remaining non hydrogen atoms 
were located and expanded by using subsequent Fourier transformation tech-
niques. Final difference Fourier syntheses showed only chemically insignificant 
electron density (largest difference peak 0.97 Å). Hydrogen atoms were placed in 
idealized positions. All non hydrogen atoms were refined anisotropically and re-
fined by a full-matrix least-square calculation on F2 with the aid of program 
SHELXL97 (Sheldrick 1997). 

Unit-cell parameters and systematic absences based on E-values and the suc-
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cessful solution and refinement indicated that Bio-MOF-29 crystallized in or-
thorhombic crystal system with P212121 space group. Unit cell dimensions were 
derived from the least squares fit of the angular settings of 1260 reflections from 
the data collection. Data reduction was performed by using SAINT program. 

The compound crystallized in one-dimensional crystal lattice. In each asym-
metric unit, Cu cation is coordinated to one water molecule and two bidentate 
glycinate ligands. One of the glycinate anion is chelated to the copper cation by 
its nitrogen atom and one of oxygen atoms thus stablizing its five membered 
ring. The other glycinate ligand coordinate with copper in a square plane through 
N as well as O-atom, this ligand also acts as a linker due to bridging mode of the 
other O-atom and thus completing distorted octahedral geometry around the 
Cu-atoms. ORTEP drawing of the new material, Bio-MOF-29 has been shown 
below as Figure 1. 

Cu-O bond lengths are 1.874(4) Ǻ for Cu(1)-O(1) and 1.885(4) Ǻ for Cu(1)- 
O(3). Cu-N bond lengths are 1.931(5) Ǻ for Cu(1)-N(1) and 1.913(5) Ǻ for 
Cu(1)-N(2). The O-Cu-O bond angles are 93.21(17)˚ for O(1)-Cu(1)-O(3), 
89.2(2)˚ for O(1)-Cu(1)-O(5) and 91.31(18)˚ for O(3)-Cu(1)-O(5). Whereas N- 
Cu-O bond angles for glycinates are 84.8(2)˚ for O(1)-Cu(1)-N(1) and 84.79(18)˚ 
for O(3)-Cu(1)-N(2). 

One dimensional growth of the crystal lattice has been shown in Figure 2. These 
one dimensional pillars are packed in the crystal lattice maintaining certain spaces 
through hydrogen bonding. This arrangement results in the developement of 
pores, which are available for the storage purposes of drug molecules. 

CCDC-1405986 contains the supplementary crystallographic data for this pa-
per. The data can be obtained free of cost from the Cambridge Crystallographic 
Data Centre, 12 Union Road Cambridge CB21EZ, UK (fax: (+44)1223-336-033; 
or E-mail: deposit@ccdc.cam.ac.uk). 

The cryatal data parameters have been summarized in Table 1. 
 

 
Figure 1. ORTEP drawing of Bio-MOF-29 showing the polymeric nature. 

mailto:deposit@ccdc.cam.ac.uk
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Figure 2. Structural view of Bio-MOF-29 along (a), (b) and (c) axes. 

2.2. Drugs Adsorption in Bio-MOF-29 

In vitro drug adsorption studies in copper glycinate (Bio-MOF-29) were carried 
out using four drugs namely terazosine hydrochloride, telmisartane, glimpiride 
and rosuvastatin. 

Terazosine hydrochloride (Hytrin) and telmisartan are used to treat hyperten-
sion (high blood pressure), glimpiride is used to control the blood sugar levels in 
body and rosuvastatin (crestor) is used in combination with exercise diet and 
weight loss to treat high cholesterol. So their successful in vitro drugs adsorption 
and release experiments will lead towards the use of these drugs for in vivo stu-
dies as well. 

These drugs were loaded into Bio-MOF-29 by soaking the synthesized com-
pound in the drugs solution. TGA and powder XRD patterns of Bio-MOF-29 
before and after drug loading were compared. Furthermore HPLC studies were 
carried out to determine the amount of drugs loaded and to observe its release 
pattern. 

2.3. Thermogravimetric Studies 

SDT Q600 thermo gravimetric analyzer was used to record the thermograms of  
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Table 1. Summary of crystal data for Bio-MOF-29. 

Empirical formula C4H10N2O5Cu 

Formula weight 229.68 

Temperature 273(2) K 

Wavelength 0.71073 Å 

Crystal system, space group Orthorhombic, P212121 

Unit cell dimensions 
a = 5.0212(7) Å 
b = 10.4206(14) Å 
c = 13.0071(16) Å 

Volume 680.58(16) A3 

D, calculated 6, 2.242 Mg/m3 

F(000) 468 

Crystal size 0.59 × 0.22 × 0.05 mm 

Theta range for data collection 2.50˚ to 27.998˚ 

Limiting indices 
−6 <= h <= 6, 
−13 <= k <= 10, 
−14 <= l <= 17 

Reflections collected/unique 4782/1644 [R(int) = 0.0610] 

Completeness to theta = 27.998 100.0% 

Max. and min. transmission 0.7868 and 0.1708 

Refinement method Full-matrix least-squares on F2 

Data/restraints/parameters 1644/3/115 

Goodness-of-fit on F2 1.072 

Final R indices [I > 2 sigma (I)] R1 = 0.0404, wR2 = 0.0835 

R indices (all data) R1 = 0.0498, wR2 = 0.0888 

Absolute structure parameter 0.01(2) 

Largest difference peak and hole 0.343 and −0·577 e·A−3 

 
Bio-MOF-29 before and after drugs adsorption. The compound was heated from 
0˚C to 600˚C at a heating rate of 10˚C per minute. TGA plot before and after the 
drugs adsorption were compared. In Figure 3, the plot of copper glycinate be-
fore drugs adsorption shows first weight loss of 5% at 130˚C which is due to the 
loss of coordinated water molecule. Then up to 250˚C the framework remains 
intact with no weight loss. After that another weight loss is observed at 250˚C 
due to the start of framework decomposition along with ligands and this de-
composition continues till 300˚C with a maximum weight loss of 65%. Then the 
framework continues to decompose till 580˚C with the formation of metal 
oxides. 

The plot of Bio-MOF-29 after the terazosine adsorption shows a weight loss of 
8% at 120˚C, which is due to the loss of drug molecules. Then the framework 
shows stability up to 150˚C. At 170˚C another wieght loss of 12% is due to the 
loss of coordinated water molecule. After that the framework remains intact and 
at 340˚C the framework starts decomposition which continues up to 380˚C with  
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Figure 3. TGA plot of Bio-MOF-29 (a) before drugs adsorption, (b) after terazosine loading, (c) after telmisartan loading, (d) after 
glimpiride loading, (e) after rosuvastatin loading. 

 
a weight loss of 60%. Then up to 590˚C the framework decomposes along with 
remaining terazosine contents. 

TGA plot of telmisartan adsorbed Bio-MOF-29 shows a weight loss of 4% at 
40˚C which is due to the loss of telmisartan contents. Another weight loss of 8% 
at 150˚C shows the loss of coordinated water molecule. Then the framework 
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starts to decompose at 250˚C which continues till 300˚C with a maximum weight 
loss of 59%. Then up to 550˚C the whole framework decomposes along with re-
maining telmisartan contents. 

A plot of glimpiride adsorbed Bio-MOF-29 shows first weight loss 3% at 50˚C 
which is due to the removal of glimpiride contents. Then up to 150˚C the frame- 
work remains intact and at this temperature 9% weight loss is due to removal of 
coordinated water molecule. At 260˚C the decomposition of the framework and 
ligands starts which continues till 300˚C with weight loss of 55%. Then the 
framework decomposition continues slowly with further weight loss until it com-
pletes at 560˚C along with the decomposition of remaining glimpiride contents. 

A plot of rosuvastatin adsorbed Bio-MOF-29 shows first weight loss 3% at 
48˚C which is due to the removal of rosuvastatin contents. Then the framework 
shows stability up to 130˚C and at this temperature 8% weight loss is due to re-
moval of coordinated water molecule. The decomposition of the framework and 
ligands starts at 250˚C, which continues till 300˚C with maximum weight loss of 
50%. Then the framework decomposition continues slowly and gradually with 
further weight loss until it completes at 550˚C along with the decomposition of 
remaining drug contents. 

2.4. HPLC Peaks for the Estimation of Different Drugs in 
Bio-MOF-29 

For the sake of estimation of the drugs contents in the as synthesized material 
high Performance Liquid Chromatography was performed on a Waters 2695 se-
paration module. All the details of HPLC parameters used for HPLC studies 
have been given (as supporting information). 

0.18 g/g material of terazosine contents have been detected in Bio-MOF-29. 
Maximum amount of released terazosine was estimated in the aliquot of water 
containing released drug after one day and this amount decreased slowly so that 
no drug contents were estimated in the aliquot of water containing released drug 
after five days, whereas the amount of telmisartan was found 0.15 g/g in Bio- 
MOF-29. The amount of adsorbed telmisartan was released at intervals from the 
material and no telmisartan contents were found in the material after seven days. 

For glimpiride the amount of adsorbed drug calculated through HPLC was 
0.03 g/g material of Bio-MOF-29. This amount of adsorbed drug was fully re-
leased from the material within three days. 

0.05 g/g material of rosuvastatin drug was adsorbed in Bio-MOF-29 and this 
amount of adsorbed drug was remained in the channels of the material for three 
days only with its slow release at intervals and after three days no drug contents 
were detected in the material. 

2.5. Powder XRD Patterns of Bio-MOF-29 

Drugs adsorption experiments performed on Bio-MOF-29 reveal that guest drug 
molecules can be adsorbed in the pores without loss of framework crystallinity. 
Powder XRD pattern after drug adsorption as shown in Figure 4, has revealed  
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Figure 4. PXRD pattern of Bio-MOF-29 (a) Pure (b) After terazosine loading, (c) After telmisartan loading, (d) After glimpiride 
loading, (e) After rosuvastatin loading. 

 

the crystalline integrity of Bio-MOF-29 even after soaking the material in water 
for several days. 

3. Experimental Section 

Bio-MOF-29 has been synthesized by hydrothermal method.Thermogravimetric 
analysis was performed on SDT Q600, thermo gravimetric instrument. FT-IR 
spectra were obtained on Shimadzu 8400 FT-IRby preparing KBr pellets. Powder 
XRD Patterns were recorded onBruker D2 Phaser. HPLC studies of the drugs 
soaked Bio-MOF-29 were carried out on HPLC system, Waters 2695 separation 
module to estimate the amount of drugs adsorbed and also to observe its slow 
release after intervals. 

3.1. Hydrothermal Synthesis of Bio-MOF-29 

Glycine (0.15 g, 0.2 mmol) and copper chloride, CuCl2·2H2O (0.35 g, 0.2 mmol) 
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were dissolved in 10 mL water taken in a beaker. This solution was well stirred 
for half an hour. 10 pH of solution was obtained by adding sodium carbonate 
solution. This solution was transferred to a 23-mL teflon lined autoclave. The 
autoclave was placed in oven at 150˚C for three days. Fine quality blue colored 
rod-like crystals were obtained from it. These crystals were collected, washed 
with water and were dried. 

3.2. Preparation of Drug Soaked Samples of Bio-MOF-29 

Copper glycinate (Bio-MOF-29) was loaded with terazosine hydrochloride by 
soaking it in 0.1 molar solution of drug. The procedure followed was that after 
twenty four hours the drug solution was removed and fresh drug solution was 
added to copper glycinate (Bio-MOF-29). This process was repeated for twenty 
days on regular basis. After twenty days of soaking the material in drug solution, 
one portion of the material (1.0 g) was evaluated for the drugs adsorption studies 
through TGA and PXRD Patterns. 

For HPLC studies the other portion of the drug soaked material (1.0 g) was 
placed in pure water (5 mL) in a vial and aliquots of water/drug loaded Bio- 
MOF-29 suspensions were separated after one day. Then same amount of pure 
water was added to drug soaked Bio-MOF-29 and water/drug soaked Bio-MOF- 
29 suspensions were separated after three days. The same process was repeated 
after one, three, five, seven, nine, fifteen days of soaking and all samples sepa-
rated were saved for HPLC studies. All this procedure was also repeated for 
Bio-MOF-29 by using other three drugs (telmisartane, glimpiride and rosuvasta-
tin) as well. 

Elemental Analysis of the compound Bio-MOF-29, Theoretical; Cu = 27.83%, 
C = 20.99%, H = 3.96%, N = 12.30%. 

Experimental; Cu = 27.78%, C = 19.87%, H = 3·34%, N = 12·25%. 
FT-IR Spectra of Bio-MOF-29: 
3282.9 (br) cm−1, 3232.55 (br) cm−1, 2740.30 (m) cm−1, 1647.1 (s) cm−1, 1608.5 

(m) cm−1, 1500.5 (s) cm−1, 11467.7 (s) cm−1, 1384.8 (m) cm−1, 1197.7 (s) cm−1, 
1151.4 (m) cm−1, 840.9 (s) cm−1, 507.2 (s) cm−1. 

4. Conclusion 

In conclusion, the present study directs towards the hydrothermal synthesis of a 
bio metal organic framework based on a bio molecule and a biocompatible metal 
cation and its successful use for in vitro drugs adsorption studies. In vitro drug 
adsorption studies in the bio-molecular building blocks of the new material will 
open new gateways for in vivo drugs adsorption experiments for the welfare of 
humans. It is expected that the present work will enhance the use of bio-mole- 
cules for the construction of bio-metal organic frameworks for the sake of their 
use in the medical applications. 
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