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Project Budget

No.
BUDGET CHAPTER

(EXPENSES)
2020
(lei)

2021
(lei)

2022
(lei)

TOTAL
(lei)

1 SALARIES 66.261 158.000 73.739 298.000

2 LOGISTICS 7.600 94.500 40.900 143.000

3 TRAVEL 600 27.000 17.400 45.000

4 INDIRECT COSTS 17.615 65.375 31.010 114.000

TOTAL 92.076 344.875 163.049 600.000



The project proposes a systematic study of a non-polluting technology for hydrogen

isotope separation using metal-organic frameworks (MOFs), based on a chemical

quantum sieving (CAQS) mechanism.

Our strategy involves classical reactions conditions and cheap materials. The

starting point of this study is 3
∞[Cu2(mand)2(hmt)]·H2O, a 3D MOF structure,

previously synthesized in our laboratory, made of binuclear Cu2O2 nodes,

hexamethylenetetramine and mandelic ion linkers. This material exhibits permanent

porosity, thermal stability and, due to its texture, capacity of H2 capture and storage.

As the pore size plays an important role in determining the diffusion kinetics and the

overall separation, we shall investigate the ability of isostructural MOFs to separate

hydrogen isotopes. Firstly, the Cu(II) ion will be replaced by Zn(II). Secondly, a

screening of various organic species (hydroxyacids and new adamantane-

pyridines) as linkers will be undertaken.

Ultimately, we propose to develop an innovative hydrogen isotope separation

technology for the most efficient permanent porous MOF material, using an in-

house assembled cryogenic (down to 20 K) thermal desorption mass spectrometer,

unique in Romania, existing only at ICSI Rm. Vâlcea.

Summary



1. Concept development: study of the ability of the starter system,
3

∞[Cu2(mand)2(hmt)]·H2O, to act as a chemical quantum sieve for hydrogen isotope
separation.

2. Optimization of MOFs architectures based on the effect of the metal ion; when the
Cu(II) ions are replaced by Zn(II) ones.

3. Fine tuning of the pore size functionalization by adequate substitution of the
mandelic bridge within the Cu2O2 nodes.

4. Modulation of the pore size: building new coordination polymers with adamantane-
based spacers.

5. Evaluation of the solid structure, thermal stability and selective sorption capacity of
MOFs.

6. Preliminary isotopologue separation experiments of MOF adsorbent using the
home-built cryogenic thermal desorption mass spectrometer

Goals



Results - 2020
Technological concept demonstration of hydrogen 

isotope separation based on metal-organic frameworks (MOF)

Starter MOF 3∞[Cu2(mand)2(hmt)]·H2O

 Scale-up and optimization of its synthesis (yield 56%)

 Complete physico-chemical solid state characterization 
Tetragonal system, Space group I41/a, 
a = b = 17.508 Å, c = 15.196 Å,
α = β = γ = 90°. 

BET specific surface area: 580 m2 g−1

Pore dimensions: ~ 7.8 Ǻ
Framework stable up to 280°C



Results - 2020
Technological concept demonstration of hydrogen 

isotope separation based on metal-organic frameworks (MOF)

Elaboration of the H2/D2 separation procedure 

 technique employed: thermal desorption spectroscopy (TDS)

 preliminary tests on Basoline C-300, at 40K and 77K

Schematic representation of the cryogenic thermal desorption mass spectrometer (left) 
and the in-house existing cryogenic thermal desorption mass spectrometer (right)



Results - 2021
Modulation of the pore size for effective H2/D2 separation 

Pore functionalization with hydrophobic groups

starting porous structure

Replacing mandelic acid with
1,3-adamantandicarboxylic acid

Changing the oxidation state, Cu2+→Cu+

Replacing urotropine with 4,4’-bipy

Replacing the metal ion, Cu2+ with Zn+2,
and mandelic acid with azulenedicarboxylic 

Cu2+ + mandelic acid + urotropine



Results - 2021
Modulation of the pore size for effective H2/D2 separation 

3
∞[Cu2(Brmand)2(hmt)] 

Tetragonal system, Space group I41/a, 

a = b = 17.6206 Å, c = 15.3107 Å,
α = β = γ = 90°. 

Framework stable up to 200°C



Results - 2021
Modulation of the pore size for effective H2/D2 separation 

{[CuI(bpe)2](NO3)} – scale-up the synthesis

BET:
Pore diameter: 15.46 Ǻ
Pore volume: 0.009 cm3/g

Sorption/desorption isotherms 
for N2 at 77 K



Results - 2021
Modulation of the pore size for effective H2/D2 separation 

Orthorhombic system, Space group P n n m, 
a = 21.837(2), b = 17.9546(18), c = 8.5366(5) Å,
α = β = γ = 90°

1
∞[Cu2(ada)2(hmt)(OH)]



Results - 2022
Optimization and finalizing the Laboratory Technology 

for hydrogen isotopes separation

H2/D2 separation through a thermal desorption spectroscopy (TDS) procedure 

 selective adsorption onto metal-organic frameworks like MOF-199 and MOF-117

Cryogenic thermal desorption 
mass spectrometer 

MOF-199

MOF-199

Thermal desorption spectrum for H2 and D2

in the temperature range 20 - 60 K 



Results - 2022
Optimization and finalizing the Laboratory Technology 

for hydrogen isotopes separation

 Calibration of the Extrel Max CS 50 mass spectrometer

Schematic representation of the experimental stand used 
for the calibration of the Extrel Max CS 50 mass spectrometer 

Standard mixtures of hydrogen and deuterium 

Standard 
mixture 

Total deuterium 
conc. 𝑐𝐷 

Extended relative 
uncertainty (k=2) 

1 100ppm 5% 
2 500ppm 5% 
3 750ppm 5% 
4 1000ppm 5% 
5 2500ppm 2% 

 

Pressure linearity domain 



Results - 2022
Optimization and finalizing the Laboratory Technology 

for hydrogen isotopes separation

 Mass spectrometer calibration in the concentration range 100 – 2500 ppm D/D+H 

Representations of the ratio of theoretical concentrations vs. the ratio of currents (left) and 
of theoretical concentrations vs. pressure current ratio (right). 

Values   of molecular species concentrations
at equilibrium 

Standard 
mixture 

Total deuterium 
conc. 𝑐𝐷  

Molecular species concentrations 

H2 HD D2 
1 100ppm 99,97940% 0,02206% 0,000001% 
2 500ppm 99,90203% 0,09794% 0,000028% 
3 750ppm 99,85206% 0,14787% 0,000064% 
4 1000ppm 99,80012% 0,19977% 0,000116% 
5 2500ppm 99,50073% 0,49854% 0,000728% 

Measured current values   and calculation of hydrogen isotopic species concentration 

I2 I3 I4 CH2 (%) CHD (%) CH2  (%) CD (D/D+H) ppm 
3,04222E7 49916 190 0,99925 5,3944E-4 1,1604E-7 269 
3,04305E7 50065 194 0,99924 5,4235E-4 1,1668E-7 270 
3,04243E7 49890 201 0,99925 5,3881E-4 1,1595E-7 269 
3,04145E7 49839 171 0,99925 5,3806E-4 1,1566E-7 269 
3,0425E7 49935 171 0,99925 5,3975E-4 1,1603E-7 269 

 



Results - 2022

Synthetic strategy aiming at metal-organic frameworks



Results - 2022

Synthesis of porous materials using derivatives of 1,3-adamantane 

dicarboxylic acid and zinc(II) ions, respectively Cu(II) 

∞
2[Zn2(ada)2(bipy)1.5H2O]·(bipy)0.5·3H2O·CH3OH (1)

Monoclinic system, Space group P 1 2/n 1, 
a = 9.7106(10), b = 7.3427(8), c = 50.882(5) Å,
α = 90o β = 91.979(8)o γ = 90o

FT-IR spectrum

Packing diagram (view in the ac crystallographic plane)



Results - 2022

Synthesis of porous materials using derivatives of 1,3-adamantane 

dicarboxylic acid and zinc(II) ions, respectively Cu(II) 

∞
3[Zn2(ada)(bipy)H2O]·H2O (2)

Monoclinic system, Space group P21/c, 
a = 10.2186(15), b = 12.5269(15), c = 17.799(3) Å,
α = 90o β = 103.374(17)o γ = 90o

Packing diagram, highlighting the channels where H2O molecules are found 
(view in the ab crystallographic plane)

FT-IR spectrum



Results - 2022

Synthesis of porous materials using derivatives of 1,3-adamantane 

dicarboxylic acid and zinc(II) ions, respectively Cu(II) 

∞
2[Zn(ada)(bipy)]·3H2O (3)

Monoclinic system, Space group P 1 21/c 1, 
a = 6.8099(6), b = 16.6652(9), c = 19.6709(13) Å,
α = 90o β = 95.937(7)o γ = 90o

Grid-like structure - packing diagram
(view along the crystallographic a axis)

FT-IR spectrum



Results - 2022
Synthesis of porous materials using derivatives of 1,3-adamantane 

dicarboxylic acid and zinc(II) ions, respectively Cu(II) 

∞
2[Cu2(ada)(bipy)]2 (4)

Orthorhombic system, Space group P m m a, 
a = 28.1320(19), b = 8.5274(6), c = 13.9924(10) Å,
α = β = γ = 90o

Grid-like structure - packing diagram
(view in the ac crystallographic plane)

Sorption/desorption isotherms 
for N2 at 77 K

BET:
Pore diameter: 17.49 Ǻ
Pore volume: 0.022 cm3/g

Nanoporous material



Results - 2022
Synthesis of porous materials using derivatives of 1,3-adamantane 

dicarboxylic acid and zinc(II) ions, respectively Cu(II) 

∞
2[Cu(ada)(azbpy)H2O]· 5H2O (5)

Orthorhombic system, Space group P b c n, 
a = 27.6476(12), b = 13.6743(11), c = 20.1672(9) Å,
α = β = γ = 90o

Packing diagram (channels filled with H2O molecules) 
(view in the ab crystallographic plane)

single-crystal-to-single-crystal

∞
2[Cu(ada)(azbpy)H2O] 

∞
2[Cu(ada)(azbpy)H2O]· 5H2O 



Results - 2022

Synthesis of porous materials using chelidamic acid and Mn(II) ions 

[Mn4(acid chelidamic)4(H2O)8] (6)

Monoclinic system, Space group C 1 2/c 1, 
a = 17.3323(8), b = 12.6740(5), c = 16.7301(8) Å,
α = 90, β = 101.676(5), γ = 90o

Mn2+

MOF-like 3D structure



Results - 2022
Discrete porous materials: assembly of metal-organic cages

Orthorhombic system, Space group P n a 21, 
a = 14.827, b = 21.338, c = 12.671 Å,
α = β = γ = 90o

[3+2] Molecular cage (7)3:2 Condensation reaction:
1,3-diformyl azulene + tris(2-aminoethyl)amine

+ Ag(CF3SO3)

Binuclear Ag(I) complex (8)

Trigonal system, Space group R-3, 
a = 40.2640(16), b = 40.2640(16), c = 19.7262(8) Å,
α = β = 90o, γ = 120o

“rosette” topology



Results - 2022
Discrete porous materials: assembly of metal-organic cages

[3+2] Molecular cage (7)3:2 Condensation reaction:
1,3-diformyl azulene + tris(2-aminoethyl)amine

+ Ag(CF3SO3)

Binuclear Ag(I) complex (8)

FT-IR spectra of (7) (up) and (8) (down)



Results - 2022
Discrete porous materials: assembly of metal-organic cages

Binuclear Ag(I) complex (8)

Detail: π-π stacking interactions 
between the azulene fragments

Crystal packing of (8)
view along the c crystallographic axis

Crystal packing of (8)
“honey-comb” like architecture



Dissemination of Results - 2021

1. S. Nica, “Preparation and electrochemical evaluation of covalently functionalized reduced
graphene oxide materials”, the 23rd International Conference, “New Cryogenic and Isotope
Technologies for Energy and Environment" (EnergEn2021), 26-29 octombrie 2021, Băile
Govora, România, invited talk

2. A. Marinoiu, S. Nica, M. Curuia, M. Varlam “Bringing together quantum sieving
process and Metal-organic Frameworks to develop a new hydrogen isotope separation
technology”, the 23rd International Conference, “New Cryogenic and Isotope Technologies
for Energy and Environment" (EnergEn2021), 26-29 octombrie 2021, Băile Govora,
România, poster

CONFERENCES

ARTICLE

“Atmospheric carbon dioxide capture as carbonate into a luminescent trinuclear Cd(II)
complex with tris(2-aminoethyl)amine tripodal ligand”

A.M. Madalan, Crystals 2021, 11(12), 1480, doi: 10.3390/cryst11121480



Dissemination of Results - 2022

1. S. Nica, “DEVELOPMENT OF CONJUGATED π - SYSTEMS FOR CONSTRUCTION OF
SMART ORGANIC AND METAL-ORGANIC MATERIALS”, National Chemistry Conference
2022, edition XXXVI, 04-07 October 2022, Călimanești – lecture in parallel section.

2. A. Dogaru, T. Mocanu, A. Marinoiu, A. E. Ion, S. Nica, M. Andruh, “NOVEL
BIDIMENSIONAL COORDINATION POLYMERS – CANDIDATES FOR HYDROGEN
ISOTOPOLOGUES SIEVING”, National Chemistry Conference 2022, edition XXXVI, 04-
07 October 2022, Călimanești - poster

3. A. Hanganu, A. E. Ion, A. M. Madalan, P. Filip, A. Pirnau, S. Nica, M. Andruh,
“DEVELOPMENT of novel ORGANIC CAGES”, National Chemistry Conference 2022,
edition XXXVI, 04-07 October 2022, Călimanești – poster

4. A. Oubraham, S. Borta, A. Marinoiu, S. Nica, M. Varlam, “HYDROGEN ISOTOPE
SEPARATION USING METAL ORGANIC FRAMEWORKS”, National Chemistry Conference
2022, edition XXXVI, 04-07 October 2022, Călimanești, - poster
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Dissemination of Results - 2022

5. A. Oubraham, D. Ion-Ebrasu, F. Vasut, A. Soare, I.-S. Sorlei, A. Marinoiu, “PH-
DEPENDENCE AND ELECTROCATALYTIC ACTIVITY OF PLATINUM-
FUNCTIONALIZED REDUCED GRAPHENE OXIDE SYNTHESIZED BY MICROWAVE
METHODS”, EmergeMAT 5TH International Conference on Emerging Technologies in
Materials Engineering, 20 – 21 October 2022, Bucureşti – poster.

6. S. Borta, C. Sisu, I. Petreanu, A. Marinoiu, “CATALYSTS DEPOSITION FOR MEA
FABRICATON”, FOREN 2022 – Energy Transition Needs Regional Cooperation, 12 – 15
June 2022, Costinești – poster.

7. S. Borta, M. Iordache, E. Marin, A. Marinoiu, “PRELIMINARY RESULTS ON THE
SYNTHESIS OF NASICON NA3ZR2SI2PO12 FOR OPTIMIZED IONIC CONDUCTIVITY”,
FOREN 2022 – Energy Transition Needs Regional Cooperation, 12 – 15 June 2022,
Costinești – poster.

8. M. Andruh, “Noncovalent interactions – useful tools in crystal engineering”, 2nd

International Conference on Noncovalent Interactions, Strasbourg, 18 - 22 July 2022, key-
note lecture.
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