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Abstract

Carbon is arguably the most versatile element in the periodic table. It can form bonds to other elements in

one-, two- and three-dimensions, allowing the formation of structurally and electronically diverse materials.

Carbon allotropes, materials made only of carbon, were for long limited to diamond, graphite, fullerene,

carbon nanotubes, and graphene. However, recently a series of zero- one- and two-dimensional carbon

allotropes have been made. Until now, diamond is the only known three-dimensional carbon allotrope. Here

we report the successful synthesis of a new 3D carbon allotrope, which we refer to as diamondiyne. The

synthesis of diamondiyne is performed using inexpensive laboratory glassware. It is formed as a film at a

liquid-liquid interface, and we show that the method is scalable in both the thickness and lateral area of the

film. The received films are polycrystalline, and the crystal structure has been confirmed using transmission

electron microscopy. Our results enrich the carbon allotrope family, enabling non-naturally occurring ones

extending in full 3D space. New carbon allotropes have historically found widespread use in materials

science, and we look forward to what applications might emerge for diamondiyne.
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Carbon is arguably the most versatile element in the periodic table. It can form bonds to 

other elements in one-, two- and three-dimensions, allowing the formation of structurally 

and electronically diverse materials1. Carbon allotropes, materials made only of carbon, 

were for long limited to diamond, graphite, fullerene, carbon nanotubes, and graphene2. 

However, recently a series of zero-3-5 one-6-8 and two-dimensional9-14 carbon allotropes have 

been made. Until now, diamond is the only known three-dimensional carbon allotrope. Here 

https://doi.org/10.26434/chemrxiv-2025-1b0mv ORCID: https://orcid.org/0000-0001-8533-201X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2025-1b0mv
https://orcid.org/0000-0001-8533-201X
https://creativecommons.org/licenses/by-nc-nd/4.0/


 2 

we report the successful synthesis of a new 3D carbon allotrope, which we refer to as 

diamondiyne. The synthesis of diamondiyne is performed using inexpensive laboratory 

glassware. It is formed as a film at a liquid-liquid interface, and we show that the method is 

scalable in both the thickness and lateral area of the film. The received films are 

polycrystalline, and the crystal structure has been confirmed using transmission electron 

microscopy. Our results enrich the carbon allotrope family, enabling non-naturally 

occurring ones extending in full 3D space. New carbon allotropes have historically found 

widespread use in materials science, and we look forward to what applications might emerge 

for diamondiyne. 

The first documented trial of making diamondiyne was made by Feldman about 30 years ago15, 

around the same time as fullerenes and carbon nanotubes were discovered. One important advance 

at the time was the synthesis of tetraethynylmethane, the basic building block needed for the 

synthesis of diamondiyne16,17. Following the discovery of graphene in 2005, interest in finding 

more carbon allotropes surged, resulting in a steep increase in the number of theoretically predicted 

structures, which currently stands at 163518. The synthetic effort has just started to see a similar 

increase, with the synthesis of several new zero-3-5, one-7,8, and two-dimensional10-14 allotropes 

being reported. Among these, is a structure that can be viewed as an expanded version of graphene, 

in which benzene rings are connected at every vertex by alkyne triple bonds13,14. The latter 

structure is composed of carbon atoms with different kinds of valance hybridization (sp2 and sp), 

making it particularly relevant for comparison against the material presented herein. 

By allowing for mixtures of valence hybridizations of carbon, more diverse structures become 

possible. For example, by introducing sp hybridized carbons in the diamond structure, a new 

family of theoretical 3D carbon allotropes, referred to as diamondynes1,19, can be imagined. 
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Diamondiyne is one such diamondyne structure in which sp3-hybridized carbons are connected by 

four sp-hybridized carbons, thus forming two triple bonds, commonly known as a -diyne group 

(Fig. 1a). The linear -diyne group conserves the diamond topology but expands the crystal 

structure, making it more porous (Fig. 1a). 

There are two challenges in the synthesis of diamondiyne. Firstly, along with the synthesis of the 

silicon homolog of diamondiyne in 2021, it was suggested that the carbon version was unreachable 

because of low stability of tetraethynylmethane in its unprotected form20. Secondly, in the research 

field of covalent organic frameworks, covalent crystals are built from monomers in a predesigned 

fashion21-23. Typically, this is done using reversible bonds, as a self-correcting mechanism then 

exist to facilitate the thermodynamically most stable state, i.e., the crystalline state, to be reached. 

However, carbon-carbon bonds are typically non-reversible, self-correction is therefore not a 

possible route for reaching the thermodynamically most stable state. We have focused on 

synthesizing 3D crystalline materials based on non-reversible bonds by applying a strict control of 

the kinetics of the used reaction, that is by making sure that monomers bind one-by-one to a formed 

crystallite24-26. 

Results and discussion 

Here we report the synthesis of diamondiyne through a cascade reaction localized at a liquid-liquid 

interface (Fig. 1b). In the liquid-liquid solvent system, tetra(triethylsilylethynyl)methane and CuF2 

were selectively distributed in separate phases, and CuF2 serves two purposes: Firstly, F- works as 

a deprotection reagent for silyl groups, producing tetraethynylmethane, which has exposed 

terminal alkyne groups. Secondly, Cu2+ catalyzes the coupling between two terminal alkynes. By 

such a cascade reaction, a gradual release and instant consumption of the active 
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tetraethynylmethane is achieved, mitigating the low stability of the compound. Furthermore, the 

deprotection and coupling reactions are confined to the interface because it is where 

tetra(triethylsilylethynyl)methane and CuF2 interact. 

As crystallites start to cover the interface, these grow in the direction normal to the interface 

homogenously. We have previously shown that under such circumstances, the growth of covalent 

crystals follows first order kinetics with respect to the monomer used.24-27 In contrast, the unwanted 

homocoupling reaction between two tetraethynylmethane in the bulk is expected to follow second 

order kinetics. To promote the molecule-by-molecule addition of tetraethynylmethane to the 

diamondiyne film at the interface we therefore keep the concentration of 

tetra(triethylsilylethynyl)methane relatively low. This low concentration regime is facilitated by 

the gradual deprotection of tetra(triethylsilylethynyl)methane by F-. 
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Fig. 1| The structure and synthesis of diamondiyne. a) Three-dimensional network of diamond topology in which the chemical 

structure contains sp- and sp3-hybridized carbons in an 8 to 1 ratio, and forms a face-centered cubic crystal structure. b) Schematic 

illustration of the cascade reaction at the liquid-liquid interface, with a chloroform phase below and an aqueous phase above. 

The liquid-liquid interfacial synthesis approach produces diamondiyne in the form of thin films 

that can reach up to 2.5 cm in diameter (Fig. 2 a-c and Supplementary Fig. 1). The film appears 

homogeneous under an optical microscope, albeit exhibiting some wrinkles that resulted from the 

transfer operation to a silicon wafer prior to analysis (Fig. 2a). An atomic force microscopy (AFM) 

scan over the film unveils a smooth surface without any observable pinholes or cracks (Fig. 2b). 

This illustrates a good uniformity and continuity, also corroborated by scanning electronic 

microscope (SEM; Fig 2c). The extracted sectional profile from the AFM height image along the 

edge of the film shows a thickness of 16 nm. Films with different thicknesses, from several 

nanometers to tens of nanometers, can be synthesized by controlling the reaction time (Extended 

Data Fig. 1). The material thickness follows a linear correlation with reaction time (Fig. 2d), 

indicating that mass transfer of catalyst and/or monomers through the film is not limiting the 

reaction rate. Shorter reaction times can therefore be used to generate very thin films (<5 nm) that, 

however, exhibit limited robustness for subsequent transfer operation (Extended Data Fig. 2 a-b). 

Conversely, longer reaction times can be used to generate thicker films with sufficient robustness 

to transfer pieces with an area of 104-105 square micrometers (Extended Data Fig. 2 c-d). 

To validate that the deprotection and coupling reactions proceed as anticipated, we have studied 

the reactant, diamondiyne and a model compound (hexa-2,4-diyne) using Fourier transform 

infrared (FTIR) and Raman spectroscopy. The spectra of diamondiyne show relatively limited 

numbers of allowed transitions (Fig. 2e-f, red line, Supplementary Table 1). For instance, 

compared to the reactant tetra(triethylsilylethynyl)methane (blue line), signals from C-H stretching 

vibrations (2873-2956 cm-1) are absent in diamondiyne, indicating no residual silyl protection 
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groups in the film. Furthermore, the terminal alkynes of the deprotected reactant have a 

characteristic C-H stretching vibration (3300 cm-1; green line). The absence of this vibration in 

diamondiyne suggests that there are no residual intermediates remaining in the structure. 

The C≡C stretching vibrational modes associated with alkynes are Raman active for the model 

compound hexa-2,4-diyne (2261 cm-1; brown line) and the monomer 

tetra(triethylsilylethynyl)methane (2192 cm-1; blue line)28. The low intensity of these vibrational 

modes when using FTIR are most likely due to the high symmetry of the molecules 

(Supplementary Fig. 2). The C≡C stretching vibration of the diyne group in diamondiyne is 

relatively weak but reproducibly observed in different samples (2234 cm-1; Supplementary Fig. 3). 

The frequency is close to that of hexa-2,4-diyne and higher than for 

tetra(triethylsilylethynyl)methane, which is in accordance with expectations for a -diyne group 

connected to non-aromatic groups, further corroborating the structure of diamondiyne. It is noticed 

that the Raman shift is slightly higher for diamondiyne than the reported values for the amorphous 

and silicon variants (2094-2139 cm-1)17,20. Finally, the fingerprint region (700-1600 cm-1) shows 

mainly broad transitions for diamondiyne, containing little chemical and structural information. 

The elemental composition of the surface and interior of films were analyzed with X-ray 

photoelectron (XPS) and energy-dispersive X-ray (EDX) spectroscopies, respectively. XPS shows 

that the major elements observed on the film surface are carbon and oxygen (Supplementary Fig. 

4). The existence of oxygen can be ascribed to the oxidation of terminal alkynes on the surface of 

diamondiyne, as reported for amorphous carbons materials17 and the silicon substituted analogue20. 

In comparison, EDX indicates that the interior of the film (Supplementary Fig. 5) has a relatively 

lower amount of oxygen defects. Furthermore, only minor traces of encapsulated F- can be found. 
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That metal catalysts can be encapsulated into framework materials has been shown before and is 

therefore plausible29. 

 

Fig. 2| Morphology and chemical characterizations of diamondiyne thin films. a) Optical microscopic image of a film on a 

silicon substrate. b) AFM height image of a film with a thickness of 16 nm. The inset shows the extracted sectional profile by a 

scan at the edge of the film. c) The SEM image of a film. d) The dependence of the film thickness as a function of reaction time. 

e) FTIR of diamondiyne (red), partially deprotected tetra(triethylsilylethynyl)methane (green) and 

tetra(triethylsilylethynyl)methane (blue). f) Raman spectra of diamondiyne (red), tetra(triethylsilylethynyl)methane (blue) and 

hexa-2,4-diyne (brown). 

 

The expected crystal structure of diamondiyne forms a tetrahedral net of dia topology, which 

exhibits a face-centered cubic symmetry with a unit cell edge of 16.22 Å and space group Fd-3m 

(No. 227). The synthesized films show a crystalline structure with well-defined lattices under high 
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resolution (scanning) transmission electron microscope (HRTEM and STEM; Fig. 3a-b). Highly 

porous framework materials, such as COFs and MOFs are commonly found as interpenetrated 

structures, where several frameworks are entangled. In analogy, the sparse nature of the 

diamondiyne structure allows for interpenetration. HRTEM and STEM images exhibits lattice 

spacings consistent with the structure of both non- and interpenetrated structures of diamondiyne 

(Fig. 3a-b and Supplementary Tables 2-11), suggesting the existence of diamondiyne, but do not 

yet give any evidence for a specified phase. Note, sample-to-sample variations do exist, and several 

of the identified d-spacings are larger than the lowest angle reflection of the catalyst CuF2 

(Supplementary Fig. 6 and Supplementary Table 12). The monitored crystallites are thus not 

encapsulated catalyst but are a part of the formed carbon-based film. 

The integrated differential phase contrast STEM (iDPC-STEM) image in Fig. 3b shows a 9.6 Å 

periodicity, however, the uneven spacing between lattice fringes suggests that interpenetrated nets 

are not symmetrically displaced. Furthermore, the characteristic row of reflections observed in the 

Fourier transform of the iDPC-STEM image (Fig. 3c), as well as in nanobeam electron diffraction 

(Fig. 3d-e), shows a peculiar intensity distribution. The 222 reflection is very weak while the 333, 

444 and 555 reflections are stronger, which is not consistent with any diamondiyne structures 

having a symmetric interpenetration (Supplementary Fig. 7). However, such intensity distribution 

is consistent with a two-fold interpenetrated structure, where the two frameworks are displaced 

around 3 Å from each other (Fig. 3f, Supplementary Fig. 8, and Supplementary Tables 4&5). 

Furthermore, the nanobeam electron diffraction pattern obtained along the [010] direction is 

consistent with that predicted for the asymmetric two-fold interpenetrated diamondiyne structure 

(Supplementary Fig. 9). Such asymmetric displacement of interpenetrated nets has previously been 

observed for covalent organic frameworks30, and its existence is probably due to the system 

striving to maximize van der Waals interactions between the frameworks. The asymmetric two-

fold interpenetrated structure of diamondiyne can be described in the tetragonal space group 

I41/amd with unit cell parameters a=b=11.47 Å and c=16.22 Å. 

An iDPC-STEM image obtained along the [133] direction of the asymmetric two-fold 

interpenetrated structure of diamondiyne (Fig. 3g), was subjected to crystallographic image 

processing, where periodic information was extracted to produce a lattice averaged projected 

electrostatic potential map (Fig. 3h). The projected potential map is in good agreement with the 

https://doi.org/10.26434/chemrxiv-2025-1b0mv ORCID: https://orcid.org/0000-0001-8533-201X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2025-1b0mv
https://orcid.org/0000-0001-8533-201X
https://creativecommons.org/licenses/by-nc-nd/4.0/


 9 

simulated iDPC-STEM image from the asymmetric two-fold interpenetrated structure (Fig. 3i, and 

Supplementary Figs. 10-11), providing further evidence that the structure strongly resembles a 

two-fold interpenetrated state with asymmetric displacement of the two carbon frameworks.  

 

Fig. 3| Crystal structure of diamondyne. (a) High resolution TEM image of a thin film showing a periodicity of 3.4 Å, close to 

the 3.31 Å spacing predicted for diamondiyne. b) iDPC-STEM image showing a periodicity of 9.6 Å and an uneven spacing 

between fringes. c) Fourier transform of b. d) Nanobeam electron diffraction along the [010] direction and e) show the hhh family 

of reflections. f) Unit cell of a two-fold interpenetrated diamondiyne state, with the two nets displaced unevenly. g) iDPC-STEM 

image abtained along the [133] direction with the corresponding Fourier transform shown as inset. h) Lattice averaged projected 

electrostatic potential map of (g) with p2 plane group symmetry imposed. i) Simulated iDPC-STEM image along [133] with the 

structure of the asymmetric two-fold interpenetrated diamondyne shown overlayed. 

 

To understand the high crystallinity apparent in diamondiyne, one needs to consider the propensity 

to form defects during crystal growth. Structures of diamond topology can be thought of as being 

composed of interconnected six-membered rings repeating in three dimensions (Fig. 1). Whereas 

such structures are strain free, a possible class of defects is the introduction of five membered 
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rings. Fig. 4 shows a computational model structure of a non-penetrated diamondiyne crystallite 

that contains a five membered ring defect. The zero-energy reference shown in Fig. 4 corresponds 

to the geometry of such a defect structure when fully relaxed. We argue that such complete defect 

relaxation is only possible in very small crystallites, where the strain can be distributed over the 

entire structure. In contrast, strain relaxation becomes less likely for crystal growth on a realistic 

bulk surface. We have modeled the latter by increasingly constraining sp3-hybridized, i.e., 

tetrahedrally coordinated, carbon atoms to the ideal diamondiyne structure (teal atoms, Fig. 4). 

When mimicking a larger crystallite by constraining the structure in this way, the energy increases 

up to (and likely above) 18 kJ/mol per defect, which roughly equals an equilibrium constant of 10-

3. We emphasize that this estimate of defect relaxation is on top of the most certainly larger inherent 

penalty of creating a defect in the first place. We have not estimated the latter per-carbon-atom-

energy as cluster models of diamondiyne and defects would require end-capping with different 

numbers of hydrogen. Nonetheless, we can deduce that the thermodynamics, and likely kinetic, 

favorability of forming the correct structure in a large crystallite clearly acts to limit defects. This 

in the low concentration regime, where crystallites grow by the one-by-one addition of monomers, 

rather than by the agglomartion of clusters. Thus, to grow covalent crystals (and framework 

materials in general) using non-reversible covalent bonds, the key is to use a low monomer 

concentration in conjunction with a framework having significant thermodynamic penelty to form 

errors. 
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Fig. 4| Estimated cost of structural relaxation of a five membered ring defect as a function of constraint. Energies in kJ/mol 

are shown relative the fully relaxed defect, which is unlikely in all but the smallest crystallite seeds. Carbon atoms constrained to 

the correct diamondiyne structure are highlighted in green. 

Conclusions 

We bring the new carbon allotrope diamondiyne from the structure proposed by Feldman into 

reality15. Diamondiyne has a three-dimensional structure with diamond topology. Featuring mixed 

valance of hybridization, the carbon atoms are covalently connected by robust single carbon-

carbon bonds and even stronger triple carbon-carbon bonds, resulting in an expanded repeating 

unit compared to diamond. Such irreversibly strong connections lead to the substantial synthetic 

challenge of inducing crystallinity throughout all three dimensions. To tackle this challenge, we 

have designed a cascade reaction localized to a liquid-liquid interface. By keeping the 

concentration of monomers low, such a reaction is kinetically directed to the crystalline state. In 

this manner, polycrystalline diamondiyne thin films were synthesized having continuous large 
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areas and controllable thickness. The porous nature of diamondiyne allows for structures within 

structures to form, with TEM giving evidence for a two-fold interpenetrated structure. Our work 

not only marks the finish for a 30-years quest, but also provides the starting point for research on 

a new class of carbon allotrope. The future will show if this material will be named in the same 

breath as diamond, graphite, graphene, fullerenes, and carbon nanotubes. 

METHODS 

Chemicals and Materials. All chemicals were purchased from commercial suppliers and used 

without further purification, including pyridine (99.8%, Merk: Sigma-Aldrich), chloroform 

(99.6%, VWR), CuF2 (99.5%, Thermo scientific), hexa-2,4-diyne (98%, TCI), KF (99.9%, Merk: 

Sigma-Aldrich). Tetra(triethylsilylethnyl)methane was synthesized according to the literature 

reported procedure17, and the received NMR spectra were in accordance with the published ones 

(Supplementary Figs. 12 and 13). 

Diamondiyne film fabrication. Tetra(triethylsilylethynyl)methane was dissolved in chloroform 

to make a monomer solution with a concentration of 4 mg/mL. CuF2 was dissolved in the mixed 

solvent of pyridine and milli-Q water (v:v = 1:1) to make a catalyst solution with a concentration 

of 25 mg/mL. 2 mL of the monomer solution was added into a vial (diameter of 2.5 cm, height of 

6 cm), followed by a subsequent addition of 3 mL the catalyst solution. It was clearly observed 

that a stable liquid-liquid two phase system formed, with the top-phase in light blue color and a 

colorless bottom-phase. Then the vial was sealed and kept in a vibration free environment under 

ambient condition. At the liquid-liquid interface, a film was gradually formed and could be seen 

after about one week, with an increased thickness with an extended reaction time. When arrived 

at target thickness, a wash-removal procedure was carried out to get rid of the catalyst, unreacted 
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monomers and byproducts. For the top-phase, 5 mL milli-Q water was added and removed from 

the top-phase without causing disturbance at the interface. The wash-removal operation was 

repeated until the top-phase became completely colorless. For the bottom phase, 2 mL chloroform 

was slowly injected and later removed from the bottom phase three times. Finally, the diamondiyne 

film was obtained at the interface and could be transferred to wanted substrates. 

Detection of deprotected intermediate. A tetra(triethylsilylethynyl)methane solution (5 mg/mL) 

in methanol was mixed with a KF solution (1 mg/mL) in methanol in a 1:1 (v/v) ratio. The mixed 

solution was kept under ambient condition for 30 min and then the FTIR spectrum was then 

measured using an ATR accessory for the detection of deprotected terminal alkyne groups. 

Instrumentation. Optical microscopic images of films were captured under a Zeiss Axioscope 5 

instrument. SEM microscopy was conducted using a JEOL JSM-6301F scanning electron 

microscope with an acceleration voltage of 15 kV. AFM characterization was performed by a NT-

MDT NTEGRA scanning probe microscope instrument. The TAP-150Al-G Silicon Probes from 

Budget Sensor were used for AFM scans. FTIR spectra were measured by a Bruker Invenio R 

instrument in transmission mode. Raman spectra were recorded by a WITec alpha300 R Raman 

Microscope with a 488 nm laser. Nuclear magnetic resonance (NMR) spectra were recorded on a 

Bruker spectrometer at 600 MHz for 1H and 150 MHz for 13C. Chemical shifts are given in parts 

per million using tetramethylsilane as an internal standard. The XPS analysis was performed on 

an ESCALab 250Xi (Thermo Scientific) using a 200 W monochromatized Al Kα radiation. TEM 

was carried out using a FEI Tecnai T20 transmission electron microscope with a LaB6 electron 

source under the acceleration voltage of 200 kV. Scanning transmission electron microscopy 

(STEM) images as well as nanobeam electron diffraction patterns were obtained using a 

ThermoFisher Themis Z double aberration-corrected TEM. The microscope was operated at an 
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accelerating voltage of 300 kV. The images were acquired using a beam current of ~10 pA, a 

convergence angle of 16 mrad and a dwell time of 2 µs. Integrated differential phase contrast 

(iDPC) and annular dark field (ADF) images were obtained simultaneously. The ADF detector 

was set at a collection angle of 25-153 mrad. The iDPC images were formed using a segmented 

ADF detector at a collection angle of 6-24 mrad. A high-pass filter was applied to the iDPC images 

to reduce low-frequency contrast. The lattice-averaged projected potential maps were obtained by 

crystallographic image processing using the software CRISP31. Nanobeam electron diffraction 

patterns were obtained using a semi convergence angle of 0.9 mrad resulting in a <10 nm electron 

beam. The data were collected using a Medipix hybrid pixel detector (Cheetah, Amsterdam 

Scientific Instruments) and an exposure time of 5 ms. Simulated electron diffraction patterns were 

obtained based on the kinematical approximation implemented in the software CrystDiff.32 

Simulations of STEM images were made using Dr Probe.33 A multislice simulation was conducted 

using an atomic model built with 3×3×3 unit cells, oriented along the [1-3-2] direction. This model 

was sectioned into 45 slices, each approximately 1 Å in thickness, along the probe beam direction. 

The residual lens aberrations, measured by the DCOR-Cs corrector installed on the ThermoFisher 

Themis Z, were given to the simulation. A probe beam with 16 mrad convergence semi-angle and 

80 pm diameter was utilized. A four-segmented detector with a 0.38 Å per pixel sampling was 

simulated to generate raw datasets. The simulated iDPC images were reconstructed from 

simulation images using a custom Python code. 

Quantum Chemical Calculations. Geometry optimization and energy evaluation were performed 

at the M06-2X/6-31G(d) level of theory34 using Gaussian 16, revision B.01.35 

https://doi.org/10.26434/chemrxiv-2025-1b0mv ORCID: https://orcid.org/0000-0001-8533-201X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2025-1b0mv
https://orcid.org/0000-0001-8533-201X
https://creativecommons.org/licenses/by-nc-nd/4.0/


 15 

Other software. Chemical structures were drawn using ChemDraw or OVITO, Graphs were 

plotted using Origin, lattice distances in TEM images were analysed using DigitalMicrograph, and 

the unit cells of the various diamondiyne isomers were constructed using Materials Studio. 
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Extended Data 1 

 2 

Extended Data Fig. 1| AFM height images of diamondiyne films with different thicknesses. 3 

All the films were synthesized by the same method but with different reaction time ranging from 4 

5 days (a), 8 days (b), 12 days (c), 16 days (d), 21 days (e), to 30 days (f). 5 

  6 
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  7 

Extended Data Fig. 2| Diamondiyne films transferred to substrates with short and long 8 

reaction times. AFM heigh image (a) and optical microscopy image (b) of a diamondiyne film, 9 

made with a reaction time of 12 days, and transferred to a silicon wafer. AFM heigh image (c) and 10 

optical microscopy image (d) of a film, made with a reaction time of 30 days, and transferred to a 11 

silicon wafer.  12 

  13 
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Supplementary Information 14 

 15 

Supplementary Fig. 1| Diamondiyne film formed at the interface of a liquid-liquid interfacial 16 

system. The top phase and the bottom phases consist of milli-Q water and chloroform, 17 

respectively. The films cover the whole interface area of 9.6 cm2. A flashlight is backlighting the 18 

liquid, giving the film a yellow color and the chloroform phase a pale opaque color. 19 

 20 

 21 

Supplementary Fig. 2| Additional FTIR spectra. (a) FTIR spectrum of hexa-2,4-diyne. (b) FTIR 22 

spectrum of KF (used as a deprotection reagent when capturing the intermediate species, i.e. the 23 

terminal alkyne) showing no signal in the observed range. 24 
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 25 

Supplementary Fig. 3| Raman spectra of diamondiyne films. Spectra were collected from film 26 

samples of 5 batches that were synthesized with the same method. All spectra show the weak peak 27 

at 2234 cm-1 of the -diyne group. 28 

 29 

Supplementary Fig. 4| XPS of a diamondiyne film. (a) XPS survey spectrum of the diamondiyne 30 

film. (b) High-resolution XPS scan spectrum of the C 1s peak of the film. The high resolution XPS 31 

of C 1s can be deconvoluted to three peaks, at 284.4, 285.7 and 287.6 eV, corresponding to sp-C, 32 

sp3-C and the oxidized C20,36,37. The ratio between sp-C and sp3-C are 2.6:1, which is lower than 33 

the expected value of 8:1. This is due to an oxidation of terminal alkynes is consuming sp-C on 34 

the surface of the film, resulting in the observed ratio being lower than the expectation17. Note that 35 

it is not possible to perform the reaction under inert atmosphere as to remove the possibility for 36 

terminal alkynes to be oxidized. This is because molecular oxygen is used as an oxidation agent 37 

for Cu in the reaction mechanism to promote the reaction rate.38 38 
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 39 

Supplementary Fig. 5| EDX of a diamondiyne film. EDX of a diamondiyne film that is 40 

supported by a standard Cu-grid used in the TEM measurements. The expected binding energies 41 

of relevant elements are indicated. Note that the large Cu signal is due to the Cu-grid used. 42 

 43 

 44 

Supplementary Fig. 6| Example of a TEM and d-spacings of CuF2. CuF2 was drop cast on a 45 

TEM grid. (a) An example of a TEM image of CuF2. (b) Statistics of d-spacings taken from several 46 

TEM images. The most common lattice distance corresponds to the hkl=011 reflection, which is 47 

predicted to be at 3.23 Å (Supplementary Table 12). 48 
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 49 

Supplementary Fig. 7| Simulations of diffraction intensities of diamondiyne having different 50 

interpenetration. Simulations of electron diffraction intensities from the hhh systematic row for 51 

diamondiyne structures of different degrees of interpenetration.  52 
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 53 

Supplementary Fig. 8| Experimental and simulated diffraction intensities of asymmetric two-54 

fold interpenetrated diamondiyne. (a) Fourier transform of an iDPC-STEM image that show the 55 

hhh family of reflections. Note that 222 is very weak in intensity. (b) Nanobeam electron 56 

diffraction pattern from a small crystallite of diamondyne showing the hhh family of reflections. 57 

(c) Simulated electron diffraction pattern based on the 2-fold interpenetrated structure of 58 

diamondyne. 59 

 60 

Supplementary Fig. 9| Experimental and simulated diffraction intensities of asymmetric two-61 

fold interpenetrated diamondiyne. (a) Nanobeam electron diffraction pattern using a beam size 62 

of ~10 nm obtained along the [010] orientation of diamondiyne. (b) Simulated electron diffraction 63 

pattern along [010] using the 2-fold interpenetrated structure with asymmetric interpenetration. 64 
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 65 

 66 

Supplementary Fig. 10| Simulating the iDPC-STEM image. (a) Simulations of an iDPC-STEM 67 

image along [133]. (b) The atomic model of the 2-fold interpenetrated diamondiyne structure used 68 

for the simulation. (c) The atomic structure of the 2-fold interpenetrated diamondyne structure with 69 

each of the two frameoworks displayed in grey and blue, respectively. 70 

 71 

Supplementary Fig. 11| The process of producing a lattice averaged map. (a) Annular dark 72 

field-STEM (ADF-STEM) image obtained from a crystal of diamondyne along the [133] direction 73 

of the asymmetric two-fold interpenetrated structure of diamondiyne. (b) Fourier transform of the 74 

image in (a). (c) Lattice averaged map based on the periodic information from (a) with p2 plane 75 

group symmetry imposed. 76 
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 77 

Supplementary Fig. 12| 1H NMR spectrum of tetra(triethylsilylethynyl)methane. 1H NMR 78 

(600 MHz, CDCl3) δ 0.99 (t, J = 7.9 Hz, 3H), 0.61 (q, J = 7.9 Hz, 2H). 79 

 80 

Supplementary Fig. 13| 13C NMR spectrum of tetra(triethylsilylethynyl)methane. 13C NMR 81 

(151 MHz, CDCl3) δ 101.1, 82.7, 77.4, 77.2, 76.9, 23.9, 7.5, 4.4. 82 
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Supplementary Tab. 1| Assignment of the major vibration signals in FTIR and Raman for the 83 

reactant, intermediate and diamondiyne. 84 

Wavenumber 

(cm-1) 
Assignment 

tetra(triethylsilylethy

nyl)methane 

Deprotected 

tetra(triethylsilyl 

-ethynyl)methane 

diamondiyne 

IR 

Intensity 

Raman 

Intensity 
IR Intensity 

IR 

Intensity 

Raman 

Intensity 

3300 -C≡C-H stretching - - 18 - - 

2873-2956 C-H stretching 45 100 71 - - 

2234 -C≡C-C≡C- stretching - - - - 8 

2192 C≡C stretching 5 84 - - - 

2146 C≡C stretching 7 28 8 - - 

1580 -C≡C-C≡C- bending - - - 100 100 

1456 C-H bending 30 20 28 - - 

1349 -C-C≡C- stretching - - - 86 51 

1084 C-C stretching 60 8 61 - - 

720 C-H bending 100 - 100  - 

 85 

Supplementary Tab. 2| Atomic coordinates for the non-interpenetrated diamondiyne crystal 86 

structure. 87 

Space group: Fd-3m 88 

Unit cell: a = b = c = 16.222 Å, α = β = γ = 90o 89 

Atom x y z 

C1 0.250000 0.750000 0.750000 

C2 0.195900 0.695900 0.695900 

C3 0.152560 0.847440 0.847440 

 90 

 91 

 92 

 93 

https://doi.org/10.26434/chemrxiv-2025-1b0mv ORCID: https://orcid.org/0000-0001-8533-201X Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2025-1b0mv
https://orcid.org/0000-0001-8533-201X
https://creativecommons.org/licenses/by-nc-nd/4.0/


 29 

Supplementary Tab. 3| Predicted d-spacings for the simulated diamondiyne crystal 94 

h k l d-spacing Amplitude 

1 1 1 9.37 100.82 

0 2 2 5.74 68.82 

1 3 1 4.89 6.05 

2 2 2 4.68 72.40 

4 0 0 4.06 19.66 

1 3 3 3.72 3.72 

2 2 4 3.31 16.49 

1 5 1 3.12 15.42 

3 3 3 3.12 44.56 

0 4 4 2.87 46.18 

1 5 3 2.74 2.66 

2 4 4 2.70 49.08 

0 2 6 2.56 18.81 

3 5 3 2.47 30.79 

 95 

Supplementary Tab. 4| Atomic coordinates for the simulated diamondiyne crystal structure 96 

with unsymmetric two-fold interpenetration 97 

Space group: I41/amd 98 

Unit cell: a = b = 11.471 Å, c = 16.222 Å, α = β = γ = 90o 99 

Atom x y z 

C1 0.00000 0.00000  0.12708  

C2 0.00000 0.89180  0.18118  

C3 0.00000  0.19488  0.22452  

C4 0.39180 0.50000  0.57298  

C5 0.69488  0.50000 0.52964 

 100 

 101 

 102 

 103 
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Supplementary Tab. 5| Predicted d-spacings for the simulated diamondiyne crystal with 104 

unsymmetric two-fold interpenetration 105 

h k l d-spacing Amplitude 

0 1 1 9.37 70.36 

2 0 0 5.74 68.82 

1 1 2 5.74 1.80 

1 0 3 4.89 4.44 

2 1 1 4.89 4.22 

2 0 2 4.68 1.89 

2 2 0 4.06 19.66 

3 0 1 3.72 40.38 

2 1 3 3.72 42.49 

0 2 4 3.31 16.47 

1 3 2 3.31 0.43 

3 0 3 3.12 32.76 

1 0 5 3.12 10.17 

2 3 1 3.12 10.76 

2 2 4 2.87 46.11 

4 0 0 2.87 46.18 

1 4 1 2.74 1.86 

1 2 5 2.74 1.76 

2 3 3 2.74 1.95 

3 1 4 2.70 49.01 

4 0 2 2.70 1.28 

2 4 0 2.56 18.81 

1 1 6 2.56 1.47 

3 3 2 2.56 0.49 

3 0 5 2.47 20.30 

4 1 3 2.47 22.61 

 106 

Supplementary Tab. 6| Atomic coordinates for the simulated diamondiyne crystal structure 107 

with symmetric two-fold interpenetration 108 

Space group: Pn-3m 109 

Unit cell: a = b = c = 8.111 Å, α = β = γ = 90o 110 

Atom x y z 

C1 0.50000 0.50000 0.50000 

C2 0.39177 0.39177 0.39177 

C3 0.30509 0.69491 0.69491 
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Supplementary Tab. 7| Predicted d-spacings for the simulated diamondiyne crystal structure 111 

with symmetric two-fold interpenetration 112 

h k l d-spacing Amplitude 

1 1 0 5.74 17.20 

1 1 1 4.68 18.11 

2 0 0 4.06 4.93 

2 1 1 3.31 4.12 

2 0 2 2.87 11.55 

1 2 2 2.70 12.27 

1 3 0 2.57 4.70 

1 1 3 2.45 1.11 

2 2 2 2.34 2.17 

1 2 3 2.17 4.09 

 113 

 114 

Supplementary Tab. 8| Atomic coordinates for the simulated diamondiyne crystal structure 115 

with three-fold interpenetration 116 

Space group: I41/amd 117 

Unit cell: a = b =  11.471 Å, c = 5.407, α = β = γ = 90o 118 

 x y z 

C1 0.50000 0.00000 0.75 

C2 0.50000 0.10820 0.91230 

C3 0.50000 0.80512 0.04232 

 119 

 120 

 121 

 122 
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Supplementary Tab. 9| Predicted d-spacings for the simulated diamondiyne crystal structure 123 

with three-fold interpenetration 124 

h k l d-spacing Amplitude 

2 0 0 5.74 34.41 

1 0 1 4.89 3.03 

2 2 0 4.06 9.83 

2 1 1 3.72 28.93 

3 0 1 3.12 22.28 

4 0 0 2.87 23.09 

3 2 1 2.74 1.33 

4 2 0 2.56 9.41 

4 1 1 2.47 15.40 

 125 

Supplementary Tab. 10| Atomic coordinates for the simulated diamondiyne crystal structure 126 

with four-fold interpenetration 127 

Space group: P4/nbm 128 

Unit cell: a = b = 8.111, c = 4.056 Å, α = β = γ = 90o 129 

 x y z 

C1 0.00000 0.50000 0.00000 

C2 0.89180 0.39180 0.78360 

C3 0.19488 0.69488 0.61024 

 130 

Supplementary Tab. 11| Predicted d-spacings for the simulated diamondiyne crystal 131 

structure with four-fold interpenetration 132 

h k l d-spacing Amplitude 

1 1 0 5.74 17.21 

2 0 0 4.06 4.92 

1 1 1 3.31 4.12 

2 2 0 2.87 11.54 

1 2 1 2.70 12.27 

1 3 0 2.57 4.70 

2 2 1 2.34 2.16 

1 3 1 2.17 4.10 
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Supplementary Tab. 12| Predicted d-spacings for CuF2 133 

h k l d-spacing 

0 1 1 3.23 

1 0 1 2.82 

1 1 0 2.66 

1 0 -1 2.53 

1 1 1 2.4 

0 0 2 2.29 

0 2 0 2.81 

1 1 -1 2.21 

0 1 2 2.05 

0 2 1 2.04 

 134 
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