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Abstract
Oil exploration waste, also called produced water, contains hazardous pollutants, such as benzene; benzene, toluene,
and xylene (BTX); naphthalene, phenanthrene, and dibenzothiophene (NDP); polyaromatic hydrocarbons (PAHs); and
phenol. Produced water is characterized by high chemical oxygen demand (COD) and oil content, which exceed the
standard limits of regulation. In this study, the combination of ultrafiltration (UF) and ozone pre-treatment and post-
treatment were applied for treatment of produced water to minimize its environmental impact. Produced water and
membrane were characterized, and their ultrafiltration performance for removal of oil content, benzene, toluene,
xylene, and COD. Two commercial Polyethersulfone membranes, with molecular-weight cut-off values of �� and ��
kDa, were used. The membrane flux profile illustrated that ozone pre-treatment had higher normalized flux than UF
only. Separation performance was evaluated based on flux profile and removal of COD, oil and grease content,
toluene, and xylene. Significant finding was found where the combination of UF with ozone pre-treatment and post-
treatment could significantly eliminate COD, oil content, toluene, and xylene. The rejection of these components was
found higher than conventional process, which was in the range of ��% to �� %. In addition, almost oil and grease
can be removed by using this combined system. Permeate quality of this system confirmed the acceptable level as
water discharge. © ����, Budapest University of Technology and Economics. All rights reserved.
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% Articles in Citable 

Items

1

CA-A CANCER JOURNAL 

FOR CLINICIANS 292.278 225.870 3.4 4.6 77.27

2

NEW ENGLAND 

JOURNAL OF MEDICINE 74.699 72.098 8.7 4.9 84.45

3 Nature Reviews Materials 71.189 84.972 2.8 5.5 2.27

4

NATURE REVIEWS DRUG 

DISCOVERY 64.797 60.796 8.2 5.5 11.11

5 LANCET 60.392 59.345 8.6 4.2 69.82

6

WHO Technical Report 

Series 59.000 2.366 19.3 Not Available Not Available

7

NATURE REVIEWS 

MOLECULAR CELL 

BIOLOGY 55.470 53.949 8.9 6.2 0.00

8

Nature Reviews Clinical 

Oncology 53.276 34.517 3.8 4.4 17.07

9

NATURE REVIEWS 

CANCER 53.030 52.659 9.1 4.9 4.65

10 CHEMICAL REVIEWS 52.758 60.399 7.8 7.2 0.00

11 Nature Energy 46.495 56.397 2.7 4.4 89.25

12

JAMA-JOURNAL OF THE 

AMERICAN MEDICAL 

ASSOCIATION 45.540 47.677 10.0 4.9 78.00

13

REVIEWS OF MODERN 

PHYSICS 45.037 46.149 11.7 7.8 5.26

14

CHEMICAL SOCIETY 

REVIEWS 42.846 45.907 6.0 5.3 0.00

15 NATURE 42.778 46.486 10.9 6.2 97.67

16 SCIENCE 41.845 44.372 11.2 6.6 91.73

17

Nature Reviews Disease 

Primers 40.689 42.523 3.0 6.4 100.00

18 World Psychiatry 40.595 38.279 4.8 5.8 76.19

18 World Psychiatry 40.595 38.279 4.8 5.8 76.19

20

NATURE REVIEWS 

IMMUNOLOGY 40.358 49.054 8.4 6.3 9.62

21 NATURE MATERIALS 38.663 43.608 7.7 5.9 94.44

22 CELL 38.637 38.620 9.0 6.4 91.20

23

NATURE 

BIOTECHNOLOGY 36.558 42.297 7.5 4.8 92.68

24 NATURE MEDICINE 36.130 36.230 7.9 5.0 93.53

25 Living Reviews in Relativity 35.429 38.185 7.8 7.6 0.00

26 Nature Reviews Chemistry 34.953 34.953 2.1 6.6 0.00

27

NATURE REVIEWS 

MICROBIOLOGY 34.209 36.883 8.0 6.1 0.00

28 LANCET ONCOLOGY 33.752 35.843 5.2 4.1 76.65

29

NATURE REVIEWS 

NEUROSCIENCE 33.654 36.673 10.1 7.6 0.00

30

NATURE REVIEWS 

GENETICS 33.133 44.337 8.4 5.2 0.00

31

Annual Review of 

Astronomy and Astrophysics 32.963 40.347 10.8 7.0 0.00

32

JOURNAL OF CLINICAL 

ONCOLOGY 32.956 25.597 8.0 5.4 95.09

33

PROGRESS IN 

MATERIALS SCIENCE 31.560 37.352 6.9 7.3 0.00

34 Nature Nanotechnology 31.538 40.301 6.2 5.4 94.33

35 Nature Photonics 31.241 36.870 6.0 6.1 92.17

36 NATURE METHODS 30.822 36.147 7.1 4.9 97.42

73.983 99.697

70.968 99.678

63.905 99.747

Journal Data Filtered By:  Selected JCR Year: 2019 Selected Editions: SCIE,SSCI 

Selected Category Scheme: WoS

Impact Factor without 

Journal Self Cites

Average Journal Impact 

Factor Percentile

291.481 99.795

40.066 99.684

38.337 99.460

38.045 99.531

40.622 97.879

36.881 99.661

36.881 99.661

42.493 99.153

42.243 99.296

41.329 97.887

45.803 99.538

44.379 98.485

44.840 99.412

52.667 99.385

52.604 98.975

52.234 99.718

59.208 99.091

59.000 99.741

54.940 99.744

30.684 99.255

30.161 99.351

32.193 98.156

31.210 98.885

31.176 98.555

33.442 99.815

32.816 99.718

32.741 99.265

34.709 98.588

33.936 99.630

33.223 98.566

35.688 99.038

35.752 99.284

35.286 98.276



8745

ACTA PETROLOGICA 

SINICA 1.265 1.730 8.9 11.4 100.00

8745

JOURNAL OF 

ORGANIZATIONAL 

BEHAVIOR 

MANAGEMENT 1.265 1.233 12.8 10.1 100.00

8745

NUCLEAR 

INSTRUMENTS & 

METHODS IN PHYSICS 

RESEARCH SECTION A-

ACCELERATORS 

SPECTROMETERS 

DETECTORS AND 

ASSOCIATED 

EQUIPMENT 1.265 1.309 10.7 8.5 74.28

8745

PHOTOGRAMMETRIC 

ENGINEERING AND 

REMOTE SENSING 1.265 2.985 15.5 7.6 100.00

8745

QUARTERLY JOURNAL 

OF MECHANICS AND 

APPLIED MATHEMATICS 1.265 1.152 39.5 17.2 100.00

8745 SOFT MATERIALS 1.265 1.177 5.6 9.8 95.83

8745

Wood Material Science & 

Engineering 1.265 Not Available 5.6 8.9 90.00

8752 Evaluation 1.264 1.949 8.2 9.6 100.00

8752

JOURNAL OF 

ENVIRONMENTAL 

ENGINEERING 1.264 1.547 12.1 8.6 100.00

8752

JOURNAL OF POLITICAL 

PHILOSOPHY 1.264 2.197 11.8 11.6 100.00

8752 POETICS 1.264 2.137 12.3 11.6 100.00

8756

ACTA CHIMICA 

SLOVENICA 1.263 1.123 7.3 8.8 98.26

8756

JOURNAL OF FINANCIAL 

RESEARCH 1.263 2.106 13.6 13.7 100.00

8756

Journal of Exercise Science 

& Fitness 1.263 1.663 7.0 6.6 76.47

8756 Polish Maritime Research 1.263 1.261 3.3 7.5 98.73

8760

JOURNAL OF 

GEOGRAPHY 1.262 1.441 11.8 10.1 100.00

8760

Paddy and Water 

Environment 1.262 1.394 6.3 9.8 100.00

8762

JOURNAL OF 

RADIOLOGICAL 

PROTECTION 1.261 1.366 6.2 8.9 96.05

8762

Journal of European 

Integration 1.261 1.773 5.6 7.2 94.44

8762

Journal of Pension 

Economics & Finance 1.261 1.452 8.2 10.4 100.00

8765

Journal of Oral & Facial 

Pain and Headache 1.260 2.421 4.7 11.1 94.00

8765

Oxford Journal of Legal 

Studies 1.260 1.343 13.0 14.3 94.44

8767

JOURNAL OF 

ORTHOPAEDIC SCIENCE 1.259 1.477 7.8 10.0 97.93

8767 WEED TECHNOLOGY 1.259 1.349 12.7 11.5 98.90

8769 ALCHERINGA 1.258 1.158 11.3 25.5 100.00

8769

Geografia Fisica e Dinamica 

Quaternaria 1.258 1.610 9.2 13.1 100.00

8769 IET Software 1.258 1.253 5.6 7.1 89.83

8769 WILDLIFE BIOLOGY 1.258 1.596 10.9 11.2 97.50

8773

KNOWLEDGE 

ENGINEERING REVIEW 1.257 1.832 13.1 8.8 0.00

8773

Maderas-Ciencia y 

Tecnologia 1.257 1.344 4.9 10.9 100.00

8773

NEW GENETICS AND 

SOCIETY 1.257 1.391 7.3 7.9 94.74

8773

NEW GENETICS AND 

SOCIETY 1.257 1.391 7.3 7.9 94.74

8773

PERIODICA 

POLYTECHNICA-

CHEMICAL 

ENGINEERING 1.257 1.368 3.5 10.1 97.14

8773

Research in Social 

Stratification and Mobility 1.257 2.393 7.1 11.4 100.00

8773 ZOOLOGICAL STUDIES 1.257 1.219 9.4 12.6 97.73

8773 ZYGOTE 1.257 1.192 6.8 11.4 90.16

1.147 18.312

1.191 64.286

0.943 49.537

0.946 26.672

1.186 14.405

1.163 39.177

0.818 50.000

0.824 21.537

0.906 44.093

1.135 31.818

1.258 11.000

1.130 19.231

1.178 60.714

1.147 27.439

0.994 24.317

1.134 48.472

1.196 37.814

1.084 46.429

0.976 27.976

1.215 45.604

0.868 25.706

1.211 31.944

1.184 15.882

1.203 19.511

1.245 53.295

0.917 46.333

1.184 6.706

1.149 31.119

1.176 45.667

0.871 53.869

0.927 59.524

1.029 35.057

1.029 35.057

1.226 32.870

1.202 39.881

1.114 19.485
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8781 Citizenship Studies 1.256 1.757 8.2 8.6 97.87

8781

IEEE TECHNOLOGY AND 

SOCIETY MAGAZINE 1.256 1.438 5.9 5.0 97.06

8781

JOURNAL OF 

PSYCHOEDUCATIONAL 

ASSESSMENT 1.256 1.626 8.4 11.0 95.06

8781

JOURNAL OF RESEARCH 

IN READING 1.256 1.647 10.0 12.1 96.67

8781

Latin American Journal of 

Solids and Structures 1.256 1.377 4.1 9.8 98.99

8781

Physicochemical Problems 

of Mineral Processing 1.256 1.199 4.5 9.0 100.00

8781

VETERINARY CLINICS 

OF NORTH AMERICA-

SMALL ANIMAL 

PRACTICE 1.256 1.583 11.0 9.0 100.00

8781

ZDM-Mathematics 

Education 1.256 Not Available 6.2 10.2 98.91

8789

Asia-Pacific Journal of 

Public Health 1.255 1.514 4.8 6.4 95.00

8789

Asia-Pacific Journal of 

Public Health 1.255 1.514 4.8 6.4 95.00

8789

INTERNATIONAL 

JOURNAL OF 

PSYCHOLOGY 1.255 2.194 8.9 11.3 97.94

8789

INTERNATIONAL 

JOURNAL OF 

TOXICOLOGY 1.255 1.468 9.8 11.2 83.33

8789 VETERINARY SURGERY 1.255 1.457 10.4 10.8 98.82

8794

ANNALES DE L 

INSTITUT HENRI 

POINCARE-

PROBABILITES ET 

STATISTIQUES 1.254 1.366 8.9 12.2 100.00

8794 Critical Discourse Studies 1.254 1.421 7.1 10.0 94.29

8794

JOURNAL OF 

CRUSTACEAN BIOLOGY 1.254 1.166 15.4 17.5 96.51

8794

Journal of Water and 

Climate Change 1.254 1.271 4.1 8.9 98.55

8794

Journal of the Institute of 

Mathematics of Jussieu 1.254 1.180 7.7 14.1 100.00

8794 X-RAY SPECTROMETRY 1.254 1.177 11.3 11.6 97.44

8800

Dynamic Games and 

Applications 1.253 1.448 4.8 13.1 98.04

8800

Journal of Empirical 

Research on Human 

Research Ethics 1.253 1.622 6.2 8.0 80.00

8800

Journal of Empirical 

Research on Human 

Research Ethics 1.253 1.622 6.2 8.0 80.00

8803

OPTIMAL CONTROL 

APPLICATIONS & 

METHODS 1.252 1.449 6.7 9.1 100.00

8804

AFRICAN 

DEVELOPMENT REVIEW-

REVUE AFRICAINE DE 

DEVELOPPEMENT 1.250 1.606 5.8 9.7 100.00

8804

CALIFORNIA 

COOPERATIVE OCEANIC 

FISHERIES 

INVESTIGATIONS 

REPORTS 1.250 1.580 19.5 Not Available Not Available

8804 ECOSCIENCE 1.250 1.396 14.5 11.4 100.00

8804

European Journal of 

Cultural Studies 1.250 1.682 7.4 9.4 98.21

8804

HELGOLAND MARINE 

RESEARCH 1.250 1.404 15.4 13.5 100.00

8804

INDIAN JOURNAL OF 

OPHTHALMOLOGY 1.250 1.280 6.2 9.5 92.71

8804 International Relations 1.250 1.446 8.1 10.8 100.00

8804

JOGNN-JOURNAL OF 

OBSTETRIC 

GYNECOLOGIC AND 

NEONATAL NURSING 1.250 1.741 9.7 4.5 73.33

8804

JOGNN-JOURNAL OF 

OBSTETRIC 

GYNECOLOGIC AND 

NEONATAL NURSING 1.250 1.741 9.7 4.5 73.33

8804

JOURNAL OF VISUAL 

LANGUAGES AND 

COMPUTING 1.250 1.305 6.6 Not Available Not Available

8804

LEARNING DISABILITY 

QUARTERLY 1.250 1.781 11.6 10.4 100.00

1.093 25.741

1.232 58.099

1.024 32.129

1.176 29.167

1.256 30.648

1.063 24.873

1.034 46.389

0.907 23.872

0.830 35.366

1.250 36.792

1.068 24.702

1.103 45.824

1.103 45.824

1.178 36.036

1.237 77.315

1.071 36.905

1.120 36.321

1.143 29.891

1.138 46.684

1.140 23.936

1.182 7.909

0.880 57.394

1.172 56.048

1.070 23.910

1.070 23.910

1.221 42.391

1.250 31.944

1.150 50.377

1.000 48.947

1.168 31.319

1.168 31.319

1.182 81.111

1.250 33.591

1.018 14.167



12821

ZEITSCHRIFT FUR 

ETHNOLOGIE 0.040 0.308 41.5 Not Available Not Available

12822 AEROSPACE AMERICA 0.029 0.025 Not Available Not Available 100.00

12823

MANUFACTURING 

ENGINEERING 0.022 0.053 13.0 Not Available 100.00

12824 Amme Idaresi Dergisi 0.020 0.142 Not Available 14.9 100.00

12824

WOCHENBLATT FUR 

PAPIERFABRIKATION 0.020 0.011 Not Available 8.9 100.00

12826

Correspondances en 

Metabolismes Hormones 

Diabetes et Nutrition 0.018 0.030 Not Available 5.5 100.00

12827 NATURAL HISTORY 0.017 0.047 43.9 Not Available 100.00

12828

ACTA PHYSICA 

SLOVACA 0.000 1.222 12.5 36.2 100.00

12828

BELL LABS TECHNICAL 

JOURNAL 0.000 4.200 9.1 Not Available 100.00

12828

Bollettino di Storia delle 

Scienze Matematiche 0.000 0.067 Not Available 27.5 100.00

12828

Current Perspectives in 

Social Theory 0.000 0.359 Not Available Not Available Not Available

12828

Journal of Neurological 

Sciences-Turkish 0.000 0.110 7.1 Not Available Not Available

12828 PULP & PAPER-CANADA 0.000 0.072 20.1 Not Available 100.00

12828 SEN-I GAKKAISHI 0.000 0.068 16.5 9.8 76.12

12828

SURFACE COATINGS 

INTERNATIONAL 0.000 0.054 17.0 Not Available 87.50

12828 Scandia 0.000 0.140 Not Available 22.0 100.00

12828

TIJDSCHRIFT VOOR 

DIERGENEESKUNDE 0.000 0.000 26.0 Not Available 100.00

12838

Advancements of 

Microbiology Not Available Not Available Not Available 8.9 100.00

12838 BMC Chemistry Not Available Not Available Not Available 7.7 93.38

12838

BMC Molecular and Cell 

Biology Not Available Not Available Not Available 9.4 98.33

12838 Biologia Futura Not Available Not Available Not Available 10.6 100.00

12838

Brazilian Journal of 

Psychiatry Not Available Not Available Not Available 8.5 88.89

12838

Brazilian Journal of 

Psychiatry Not Available Not Available Not Available 8.5 88.89

12838 Electronic Research Archive Not Available Not Available Not Available 12.2 100.00

12838 Environmental Microbiome Not Available Not Available Not Available 7.5 100.00

12838

Environmental Pollutants 

and Bioavailability Not Available Not Available Not Available 7.9 94.74

12838

Food Science of Animal 

Resources Not Available Not Available Not Available 9.8 97.65

12838 Geochemistry Not Available Not Available Not Available 13.8 93.75

12838

Journal of Computer 

Languages Not Available Not Available Not Available 9.5 97.92

12838

Mining Metallurgy & 

Exploration Not Available Not Available Not Available 9.7 88.07

12838

Photobiomodulation 

Photomedicine and Laser 

Surgery Not Available Not Available Not Available 7.3 82.83

12838

Polymer-Plastics Technology 

and Materials Not Available Not Available Not Available 7.7 87.42

12838

Sexual and Reproductive 

Health Matters Not Available Not Available Not Available 5.1 71.79

12838

Wound Management & 

Prevention Not Available Not Available Not Available 7.3 93.02

12838

Wound Management & 

Prevention Not Available Not Available Not Available 7.3 93.02

0.000 0.500

0.000 0.352

0.000 Not Available

0.000 2.381

0.000 1.884

0.000 1.145

0.000 0.633

0.000 0.333

0.000 0.185

0.017 0.573

0.000 0.588

0.000 0.355

0.020 1.042

0.014 7.143

0.018 0.456

0.040 0.556

0.029 1.613

0.022 1.000
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Abstract

Biogas plants are a specific facility from the QRA (Quantitative Risk Assessment) methodologies' point of view, especially in the case 

of the determination of the event frequency of accident scenarios for biogas leakage from a gas holder and subsequent initiation. 

QRA methodologies determine event frequencies for different types of accident events related to vessels made of steel. Gas holders 

installed at biogas plants are predominantly made of other materials and are often integrated with the fermenter. It is therefore a 

specific type of gas holder, differing from that which is commonly used in the chemical industry. In addition, long-term experience is 

not available for the operation of biogas plants, unlike in the chemical industry. The event frequencies listed in the QRA methodologies 

are not relevant for the risk assessment of biogas plants. This work is focused on setting the prerequisites for QRA of biogas storage, 

including for example: information on hazardous chemical substances occurring at biogas plants, their classification, and information 

on the construction of integrated gas holders. For the purpose of the work, a scenario was applied where the greatest damage 

(to life or property) is expected. This scenario is the leakage of the total volume of hazardous gas substance from the gas holder 

and subsequent initiation. Based on this information, a "tree" was processed for "Fault Tree Analysis" (FTA), and frequencies were 

estimated for each event. Thereafter, an "Event Tree Analysis" was carried out. This work follows up on a discussion by experts on the 

determination of scenario frequencies for biogas plants that was conducted in the past.

Keywords

biogas, leakage, scenarios, Fault Tree Analysis, QRA

1 Introduction
Biogas plants are technologies where potentially hazardous 
substances are produced or stored. The major hazardous 
substance is biogas with the main hazardous property being 
its flammability. Under EU Directive No. 2012/18/EU, in 
Europe most facilities have a below-limit quantity of haz-
ardous substances. Facilities with an over-limit quantity of 
hazardous substances are the exception. An example is the 
NAWARO BioEnergie Park in Güstrow, where cogenera-
tion units with a total output of 20 MWel [1] are located. 
There an excessive amount of hazardous substance (bio-
gas) can be expected. In this case, the biogas consumption 
with a methane content of 50-55 %vol is approximately  
9 600 – 10 000 m3 per hour.

For the purpose of quantitative risk analysis (QRA), 
it is necessary to have a knowledge of the frequencies of 

events of accident scenarios. These frequencies of events 
are possible to determine based on recognized methodol-
ogies for QRA in the chemical industry, such as Dutch 
CPR 18 or methodology by HSE (UK Health and Safety 
Executive). Unfortunately, these methodologies do not 
consider construction materials other than steel. However, 
some important elements of biogas plants are often made 
from different materials. For example, the gas holder is 
made from EPDM material. 

The research of professional works has shown that dis-
cussion on this topic is very limited in professional circles. 
The work by Heezen et al. [2] is an exception. This work 
states that the National Institute for Public Health and the 
Environment (RIVM) has proposed that companies that 
process safety documentation for a biogas plant falling 
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Abstract

In this paper, the reduction duration of (CuO)x-(NiO)(1-x) and (CuO)x-(Co3O4)(1-x) binary mixtures was studied using thermogravimetric 

method. The reduction reaction was performed using copper, nickel and cobalt oxides as metal precursors and methane gas as the 

reducing agent, under atmospheric pressure. The products as well as the raw materials were characterized and analyzed using X-Ray 

diffraction (XRD) and Energy Dispersive Spectroscopy (EDS). Initially, CoO, NiO and CuO were transformed to Co, Ni and Cu through 

reduction reactions with 23 Vol.% of methane at 830 °C. Results demonstrated that the reduction times of NiO, CoO and CuO NPs with 

CH4 at 830 °C were 14, 39 and 47 min, respectively. EDS and XRD analysis indicated that more than 97 % of copper, nickel and cobalt 

oxides were transformed to copper, nickel and cobalt NPs. The reaction time of (CuO)x-(NiO)(1-x) and (CuO)x-(Co3O4)(1-x) binary mixtures 

with methane was investigated to evaluate the effect of CuO (x=0, 0.4, 0.6, 1) relative composition. In addition, the reaction time of 

ternary mixture of (NiO)0.6-(CuO)0.2-(Co3O4)0.2 with methane gas was also studied.

Keywords

binary metal, Cu-Ni, Cu-Co, methane, the reduction time, thermogravimetric method

1 Introduction
In recent years, the synthesis of metallic Nanoparticles 
(NPs) and their mixtures in comparison to micro-struc-
tured materials have attracted many researchers due to 
their unique features including fine particle sizes and high 
surface to volume ratio [1, 2]. Among metallic nanopar-
ticles, copper, nickel, cobalt and their binary and ternary 
mixtures possess great significance in various industrial 
applications which stem from their outstanding physical 
and chemical properties. In this regard, unique electrical, 
catalytic and thermal characteristics along with high sur-
face to volume ratio, resistance to corrosion, great flexibil-
ity and strength are considered as their main features [3-6].

 Copper-nickel and copper-cobalt binary nanoparticles 
(BNPs) are consisted of copper and nickel and cobalt and 
copper metals, respectively, which provide many appli-
cations in different fields, compared to single-metal cop-
per, nickel and cobalt nanoparticles, due to the composi-
tion of different percentages, varied particle sizes and the 

coexistent properties of both metals (copper and nickel or 
copper and cobalt) [7-11]. Nickel is completely mixed with 
copper and the resulting alloy only contains one phase in 
any ratio. The most important property of nickel-copper 
alloy is the variation in the thermal expansion of the alloy 
with the amount of nickel, making it possible to make alloys 
with defined and precise thermal expansion. The presence 
of nickel in copper-nickel alloy increases the hardness 
which maintains even at high temperatures  [12-14].

Cu-Ni and Cu-Co BNPs not only possess the combined 
properties associated with the presence of both copper 
and nickel and copper and cobalt in the mixture, but also 
it is expected that this composition can induce new chem-
ical, biological, mechanical, and thermal properties, due 
to the correlation between the metals in the binary mix-
ture. Binary nanoparticles (BNPs) are generally nano-
sized multi-purpose materials which are used in various 
applications. In fact, application of these materials can 
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Abstract

A new crystal structure of catena-(bis((µ4-cubane-1,4-dicarboxylato)-(N-methyl-2-pyrrolidone)-zinc(II)) N-methyl-2-pyrrolidone solvate) 

(1) was prepared by solvothermal method. The crystal structure of the compound was analyzed by single-crystal X-ray diffraction. 

It has a P1  space group, with lattice parameters a = 10.7190(4) Å, b = 10.8245(5) Å, c = 10.8403(8) Å, α = 80.291(5)°, β = 70.0015(5)°, 

γ = 77.531(4)°, V = 1147.97(12) Å3. The secondary building units of 1 consist of 2 central Zn ions, coordinated by 4 carboxylate groups 

in a bis-monodentate way, forming a square planar configuration of Zn2(CO2)4, known as paddle-wheel units. The paddle-wheels 

are connected by cubane-1,4-dicarboxylic acid linkers at the edges, resulting in a two-dimensional coordination polymer with a 

square lattice (sql) underlying network topology. The axial sites of the zinc atoms are occupied by N-methyl-2-pyrrolidone molecules. 

In this new crystal structure the two-dimensional polymer planes are interstacked by weak dispersion bonds. The axial N-methyl-

2-pyrrolidone solvent molecules determine the distances of planar polymer planes. The thermal properties of this new structure 

were studied by thermogravimetry/mass spectrometry in inert atmosphere. It was found, that the organic linkers in the framework 

structure do not decompose below 200 °C. The stochiometry of the activated compound is Zn2[C8H6(COO)2]2(C5H9NO)2, as determined 

by thermogravimetry in oxidative atmosphere.

Keywords

metal-organic frameworks, cubane, reticular chemistry, single-crystal X-ray diffraction, thermogravimetry/mass spectrometry

1 Introduction
Metal-organic frameworks are porous coordination poly-
mers with crosslinks [1]. Multifunctional linkers, for 
example carboxylates can form strong covalent-like multi-
dentate bonding with the metal centers, resulting in robust 
coordination polymer structures with high thermal stabil-
ity [2, 3]. In the crystalline MOF structures, the rigid, met-
al-containing clusters, the so-called secondary building 
units (SBUs) at the vertices are interconnected by organic 
linkers. The most important metal-organic framework is 
MOF-5 [2], which builds up from Zn4O(CO2)6 SBUs at 
the nodes and terephthalate linkers at the edges. Since the 
discovery of MOF-5 more than 20000 MOF structures 
were reported [3]. The combination of hundreds of SBUs 

and thousands of organic linkers led to discover of thou-
sands of new MOF structures each year. Metal-organic-
frameworks are typically microporous compounds with 
exceptional high porosity and surface area enabling many 
potential industrial applications, for example gas-storage, 
heterogeneous catalysis, molecular separation, molecular 
sensing or drug delivery. For a common description of the 
family of MOFs, Yaghi and coworkers introduced the prin-
ciple of reticular chemistry based on the design of topol-
ogy of framework structures [4]. For example, MOF-5 has 
Zn4O(CO2)6 SBUs with six points of extension (carbox-
ylate groups) and ditopic terephtalate linkers, so MOF-5 
has a 6-c primitive cubic (pcu) underlying topology with 
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