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Abstract
Hypergolic reactions have emerged as a new synthetic approach enabling the rapid production of a
diverse set ofmaterials at ambient conditions.While hypergolic reactions bear several similarities to
thewell-established flame spray pyrolysis (FSP), the former has only recently been demonstrated as a
viable approach tomaterials synthesis. Herewe demonstrate a newpathway to 2Dmaterials using
hypergolic reactions and expand the gallery of nanomaterials synthesized hypergolically.More
specifically, we demonstrate that ammonia borane complex,NH3BH3, or 4-fluoroaniline can react
hypergolically with fuming nitric acid to formhexagonal boron nitride/fluorinated carbon
nanosheets, respectively. Structural and chemical features were confirmedwith x-ray diffraction,
infrared, Raman, XPS spectroscopies andN2 porosimetrymeasurements. Electronmicroscopy (SEM
andTEM) alongwith atomic forcemicroscopy (AFM)were used to characterize themorphology of
thematerials. Finally, we appliedHansen affinity parameters to quantify the surface/interfacial
properties using their dispersibility in solvents. Of the solvents tested, ethylene glycol and ethanol
exhibited themost stable dispersions of hexagonal boron nitride (h-BN).With respect tofluorinated
carbon (FC) nanosheets, the suitable solvents for high stability dispersionswere dimethylsulfoxide
and 2-propanol. The dispersibility was quantified in terms ofHansen affinity parameters (δd, δp,δh)
= (16.6, 8.2, 21.3) and (17.4, 10.1, 14.5)MPa1/2 for h-BN and FC, respectively.

1. Introduction

In the past couple of decades, since the discovery of graphene as thefirst two-dimensionalmaterial, atomically
thin 2Dmaterials have attracted significant scientific attention due to their excellent chemical, physical and
mechanical properties, which stems from their 2D layered structure [1]. Typically, 2Dmaterials exhibit
properties distinct from their bulk counterparts including tunable bandgap, fast electronmobility, high thermal
conductivity, and topological electronic phases [2, 3].

Among 2Dmaterials, h-BN (also known aswhite graphene) is an isoelectronic analogue to graphene. It is a
potential candidate for several technologies and industrial applications due to its hardness,mechanical strength,
thermal conductivity, electrical insulation, chemical/thermal stability and biocompatibility [4–7]. It consists of
sp2-bonded boron and nitrogen atoms in a hexagonal lattice and it has awide direct bandgap [8]. h-BN can be
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synthesized by severalmethods [4–8]. They includemolecular beam epitaxy (MBE), chemical vapor deposition
(CVD), hydrothermal, as well as solid-state pyrolysis [9]. The production of high-quality h-BNnanosheets at
scale with low defect density and large size is a prerequisite formany applications. For processes involving
exfoliation, it is necessary to overcome the strong interactions between the layers, which is accomplished
typically viamechanical, chemical, or thermalmeans. Various solvents, such asN,N-dimethylformamide [10]
1,2-dichloroethane [11] andwater [12] have been shown to exfoliate h-BNpowders after extensive sonication.
Moreover, Cui et al [13] reported large-scale exfoliation and functionalization of h-BNusing thermal oxidation.
Thermal treatment leads to the formation ofmany hydroxyl groups on the surface and on the edges of h-BN
providing active sites for further functionalization. On the other hand, FC, represents another example of a 2D
material. Applications for FC include lithiumbatteries, self-cleaning surfaces, lubricants, and super-
hydrophobic coatings [14–17]. Themain preparationmethods involve direct gaseous fluorination aswell as wet
chemical and plasma fluorination.

Hypergolic reactions have been proposed recently by our group as a new technique inmaterials synthesis.
They allow the rapid and spontaneous formation of awide range of functional solids under near ambient
conditions [18, 19]. This new approach is based on a reaction, inwhich two chemicals ignite spontaneously upon
contact in the absence of external stimuli (e.g. temperature, pressure or voltage). The advantages of the new
method are: (i) the reaction is completed in a very short time typically within few seconds, and (ii) because of the
energy released during the reaction no external energy inputs are necessary, a clear differentiation from existing
synthesis approaches which are typically energy-consuming and require special reaction conditions.We note
that the hypergolicmaterials synthesis shares similar features to the better -knownflame spray pyrolysis
technique (FSP) [20]. However, in contrast to FSP, where a flammable hydrocarbon (e.g., CH4) is used to
produce a flame, in hypergolic synthesis the required energy is released directly from the reactants upon contact
eliminating the need of external energy inputs.

The intrinsic flexibility, compatibility with light weight basematerials, as well as good control of their
electrical and optical properties alongwith their ability to form stable dispersions in various solvents and
additives allows 2Dmaterials to be formulated into inks that are compatible with additivemanufacturing
technologies such as inkjet printing, screen printing, and spray coating [21]. For example, screen-printable h-BN
nanosheet ink has been used as a printed dielectric after the stabilization of the nanosheets using a polymer [22].
Likewise, a fully inkjet-printed field-effect transistor was recently demonstrated, where the h-BNbased inkwas
used to construct the gate dielectric layer [23]. On the other hand, FC inks could be useful in the printing of
superhydrophobic patterns [24].

Owing to our interest in developing ink formulations of various functional and structuralmaterials we
started using theHansen affinity parameters. A barrier to designing functional inks based on 2Dmaterials is the
choice of suitable solvents such that the ink shows the necessary rheology, solvent evaporation rate, dispersion
stability, and shelf-life. Hansen solubility (or affinity) parameters (HSPs), whichwere developed originally to
evaluate the solubility of polymers, have been usedmore recently to characterize particle dispersions [25]. For
nanomaterials-based inks,HSPs provides a promising approach to quantify particle—solvent interactions and
to design inks with better stability and shelf-life. Briefly, the solubility (or affinity) behavior of any substance can
be described in terms of three key parameters that arise from three different interactions: a dispersive
component (δD), a polar component (δP), and a hydrogen-bonding component (δH) [26].

The solubility parameter is then defined as the sumof these interactions as shown in equation (1).
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where δd, δp, and δh are due to the dispersive (a polar), polar (dipole–dipole) andH-bonding interactions,
respectively. Any substance can be represented as a point in a 3D graphwith the three parameters as coordinates.
The solubility of a solute evaluated against a series of solvents is represented by the smallest spherewith a radius
R0 drawn around all the good solvents with poor solvent falling outside the sphere. The solubility between two
substances can be determined from equation (2):
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where subscripts 1 and 2 correspond to the solute and solvent, respectively. For a substancewith a solubility
sphere R0 to be soluble the relative energy difference (RED) defined as the ratio of Ra toR0 (equation (3)) should
be less than one

RED R R 3a 0= ( )/

A ratio less than 1 indicates that the solvent is within the solubility sphere of the solute and the substance is
soluble. If the ratio equals 1, themixture lies on the border of the sphere. Thus, the solutemay only partially
dissolve or lead to swelling. If the ratio is greater than 1, the solvent lies outside the solubility region of the solute
indicating that the solutewill not dissolve [27]. This concept can be extended to dispersions where the stability of
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the dispersion instead of solubility is the criterion and can be used to quantify interactions in a series of solvents.
In that respect an affinity sphere is constructed and used as above.

In the following, we describe the synthesis of two different 2Dmaterials, h-BN and FC.Using a series of
hypergolic reactions we identified the optimum fuel and oxidizer for eachmaterial system. Specifically,
ammonia borane and anilinewith fuming nitric acid (HNO3) are well knownhypergolic reactants that have
been already demonstrated in rocket propulsion [28, 29] and have been adopted for our synthesis.We
characterize thematerials and contrast to those obtained by traditionalmeans.Wefinally quantify the surface
properties of thematerials using theHansen affinity parametersmethodology.

2.Methods

Note. All hypergolic reactions were carried out using small amounts of reagents in a fume hoodwith a ceramic
tile bench. All the chemicals and solvents used in this workwere purchased fromSigma-Aldrich and used
without further purification.

Synthesis of h-BNnanosheets: a glass test tubewas chargedwith 0.25 g ofNH3·BH3 (97%) followed by the
slow, dropwise addition of 0.3ml fumingHNO3 (98%). Addition of the acid caused immediate ignition of the
precursor, resulting in bursts of green flame (ca. 200 °C)due to the presence of boron (figure 1(a), inset). The
residue inside the test tubewas collected and thoroughly washedwithmethanol, deionizedwater and acetone
prior to drying at 100 °C.Thefinal product was an off-white powder.

Synthesis of FC nanosheets: 1.0 g 4-fluoroaniline was placed inside a glass test tube followed by the slow,
dropwise addition of 1ml fumingHNO3 (98%). The reagents reacted quickly upon contact leaving a residue
inside the test tube (figure 4(a), inset). The residuewas collected and thoroughlywashedwithwater, ethanol and
acetone prior to drying at 100 °C. Thefinal product was a black powder.

2.1. h-BN andFCdispersions
Hansen affinity parameters were determined using the dispersibility of nanomaterial suspensions (0.1wt%) in a
large set of solvents. To that end, 0.4ml of the suspensionwas added to a polyamide cell with a 2mmpath length
and the samples were subjected to a centrifugation acceleration of 2000g  for 5 min. The detector was operated at
awavelength of 410 nm. The separation index (SI), ameasure of the degree of aggregation and sedimentation of
the particles, was calculated using the SEPView software (LUM,Gmbh,Germany) by subtracting the
transmission at a certain time (Ti) from the initial transmission profile (T1) and dividing by themaximum
transmission that passes through the vial. For stable suspensions, the transmission remains constant with time
(T1=Ti) and the SI is 0. On the other hand, for suspensions where aggregation and sedimentation do take place,
the transmission decreases while the SI increases with time. An SI of 1 corresponds to complete particle
sedimentation. Solvents that produce suspensions with an SI equal or greater than 0.6were classified as good
(score= 1) or bad (score= 0) and their respective score is inputted into theHSPiP software. The software stops
iteratingwhen a sphere with a center (δd, δp, δh) and of radius R0 is fitted to simultaneously include all the good
solvents while excluding all the bad ones.

2.2. Characterization techniques
X-ray diffraction (XRD) patternswere obtainedwith aD8Advance diffractometer (Bruker AXSGmbH) using
CuKα radiation (λ= 1.54Å). Powder samples were deposited on background-free Si wafers and scanned over a
2–80° 2θ range, in steps of 0.02° (2θ), at a rate of 0.2 s per step. FTIR spectra were recorded in the frequency range
400–4000 cm−1 on a JASCOFT/IR-6200, spectrometer. 32 scans at 2 cm−1 resolutionwere acquired and

Figure 1. (a)XRDpattern and (b)Raman spectra of h-BN. The inset in (a) shows images of the synthesis reaction before and after the
addition of fuming nitric acid into the ammonia borane complexNH3BH3 resulting in a temperature increase up of at least 200 °Cas
shown by the thermal imaging camera.
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corrected using a pureKBr pellet as the background. The samples were in the formofKBr pellets, containing ca.
2wt%of thematerial. Attenuated total reflection infrared (ATR-IR) spectra were obtainedwith aNicolet™ iS20
FTIR Spectrometer using the SmartOrbit ZnSeATR accessory. The ZnSe prism of theATRobjective had a
250μmarea in contact with the sample. The backgroundwas subtracted and the baselinewas corrected for all
spectra. Raman spectra were collected on a Jasco RFT6000/FT-Raman attachment coupledwith FT/IR-6300
spectrometer, a 1064 nm (Nd:YAG), 400mW laser source and spectral resolution of 4 cm−1 in the range of
200–4000 cm−1. The spectrawere taken inmacromode directly from the sample in powder form in the
backscattering geometry. XPSmeasurements were conducted by a Thermo ScientificNexsaG2 Spectrometer
with operating pressure ca. 1× 10–9 Torr.Monochromatic Al Kα x-rays (1486.6 eV)with photoelectrons
collected from a 400μmdiameter analysis spot at a 90° emission angle and a source to analyzer angle of 54.7°. A
hemispherical analyzer determined electron kinetic energy, using pass energy of 200 eV for wide/survey scans,
and 50 eV for high resolution scans. Aflood gunwas used for charge neutralization of non-conductive samples.
Atomic forcemicroscopy (AFM) experiments were conducted in peak force tappingmode on aMultimode 8,
Nanoscope 6, using RTESPA-525 cantilevers with a tip radius of 8 nm. Thematerials were sonicated for 20 min
prior to the AFMmeasurement usingmethanol and acetone as solvents for h-BN and FC, respectively. The
samples were deposited onto siliconwafers by drop casting. The Si wafers (p-type Si, single side polished,
purchased fromPureWafer) used inAFM imaging, were cleaned before use for 15 min in an ultrasonic bath
(160W)withwater, acetone and ethanol. Scanning electronmicroscopy (SEM) images were obtained using a
Zeiss Gemini 500 SEM.Transmission electronmicroscopy (TEM) images were collected using FEI Tecani 12
BioTwinTEM.Thematerials were dispersed in ethanol and drop-casted onto a lacy copper grid. TheN2

adsorption–desorption isothermswere carried out at 77Kon aQuantachromeAutosorb iQ porosimeter
(automated gas sorption analyzer). Prior to themeasurements, the samples were outgassed under vacuum (i.e.,
10−6mbar) at 120 °C for 10 h. TheBrunauer–Emmett–Teller (BET)model was used for specific surface area and
theCorrugated Pore StructureModel (CPSM) for pore volume distribution. The overall pore volumewas
calculated via the total adsorbed nitrogen amount at P/P0= 0.998. Dispersion stability was quantifiedwith the
aid of accelerated separation tests using the LUMiSizer 651 (LUM,Gmbh,Germany).

3. Results and discussion

3.1. Synthesis and characterization of h-BNnanosheets
Hypergolic ignition of ammonia borane (NH3BH3) by fumingHNO3 (figure 1(a)) results in the formation of
h-BNwith a layered structure according to the following reaction:

NH BH 6HNO BN 6H O 6NO 43 3 3 2 2+  + + ( )

XRD shows amain peak at 26.4° that corresponds to the characteristic (002) reflection h-BN aswell as a
smaller one between 40–45° due to the (100) reflection [4, 5, 30, 31] (figure 1(a)). The corresponding interlayer
distance d002 is 0.34 nm, i.e., slightly higher than that of highly crystalline h-BN (d002= 0.33 nm) [32]. The
crystallite size of the nanosheets along the c-axis, calculated from the Scherrer equation, is 3.2 nm,which
corresponds to stacks of 5–10 layers. The broadening of the diffraction peaks alongwith the slightly higher
d002-spacing value indicates low crystallinity consistent with a turbostratic structuring of the layers [30, 31]. The
low crystallinity is the result of the relatively low temperature during hypergolic ignition. The temperature of the
releasedflame asmonitored using a thermal imaging camerawas at least 200 °C, themaximumof our thermal’s
camera detection limit.We note though that the solid at the bottomof the test tube became red hot suggesting a
reaction temperature between 400 °C–500 °C. The temperature developed during the reaction is lower from
that required for highly crystalline h-BN (1000 °C–1500 °C) but comparable to those required for the synthesis
of h-BNnanosheets (e.g., 200 °C–500 °C) [30, 33].

The Raman spectrum (figure 1(b)) shows a broad peak at 1330 cm−1 characteristic of the high-frequency E2g
band of h-BN [4, 34, 35]. The broadness of the band agrees with that reported by Singh et al [36], while its
position (1330 cm−1) is clearly downshifted relative to h-BN (ca. 1370 cm−1) but quite close to that theoretically
predicted from ab initio calculations (ca. 1340 cm−1) [37]. This downshiftmay be due to bond length increase
induced by lattice thermal expansion or softening of the BNbonds as the result of the hypergolic ignition. A
similar downshift has been observed previously for heat-treated boron nitride (i.e., 1339 cm−1) accompanied by
a simultaneous broadening of the E2g band [38]. From the full width at halfmaximum, FWHM, of the E2g band
(100 cm−1) and theNemanichmodel, the approximate size of the nanocrystalline domainswithin layers is
1.5 nm [39]. The IR spectrum (not shown) displays a broad absorption between 3000–3600 cm−1 attributed to
residual -NH and -OHgroups, a strong and broad peak at 1395 cm−1 corresponding to the in-plane B-N
stretchingmode, and a sharp peak at 770 cm−1 due to the out-of-plane B-N-B bendingmode [4, 35], all
characteristic of h-BN.
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The deconvoluted high-resolution B1sXPS spectrum (figure 2(a)) shows two peaks; thefirst at 190 eV is due
to B-Nbonds [4, 40]while the other at 192 eV is due to B-Obonds [41]. The correspondingN1s spectrum
(figure 2(b)) can be deconvoluted into two components; one at 398 eV and another at 401 eV due to the presence
ofN-B andN–Hbonds, respectively [4, 40, 41]. The presence of both B-O andN–Hbonds suggests that the B
atoms near the edges of the solid are oxidized and attached to hydroxyl groups, whereas theN–Hbonds persist
from the ammonia boraneNH3·BH3 complex.

Nitrogen porosimetrymeasurements were used to estimate the BET specific surface area (SgBET) of the
material. Figure 3 shows the adsorption–desorption isotherm fitted to a corrugated pore structuremodel CPSM
[42]. The type IVhysteresis loop is consistent with the presence ofmesopores; the pore volume distribution plot
indicates twomain poreswith sizes of 2.5 and 7.1 nm [43]. The BET surface area and pore volume are 272m2 g−1

and 0.67 cm3 g−1, respectively. The surface area of thematerial obtained via hypergolic synthesis is higher than
that reported for porous h-BNnanosheets synthesized using a templatemethod or by a chemical blowing route
(those values range from140–210m2 g−1) [44, 45]. In addition, it is higher than that of h-BNnanoparticles
reported previously via different processing approaches, where the surface area varies between 50–150m2 g−1

[46–49].
To further enhance the crystallinity and decrease the oxygen content of thematerial obtained hypergolically,

a calcination stepwas carried out at 1200 °C for 2 h underN2flow. As expected, calcination resulted in amore
crystallinematerial, as evidenced by theXRDpattern (figure S1), andwith a lower oxygen content, obtained
fromXPS (figures S2, a and b). The amount of B-Obonds in the calcined h-BNwas reduced from47 to 30%with
the correspondingN–Hbonds decreasing from17 to 9%.Calcination at higher temperatures (up to 1500 °C)
resulted in no further changes in chemical composition.

Figure 2.Deconvoluted high-resolutionXPS spectra of h-BN: (a)B1s and (b)N1s.

Figure 3.N2porosimetrymeasurements for h-BN: (a)N2 adsorption (filled symbols) /desorption (open symbols) isotherm; the line is
a CPSM fit to the experimental data (b)Pore size distribution according toCPSMmodel.
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3.2. Synthesis and characterization of FCnanosheets
The hypergolic ignition of 4-fluoroaniline by fumingHNO3 results in FCnanosheets (figure 4(a)), according to
the following reaction:

C H FN 30HNO FC 18H O 31NO 5CO 56 6 3 2 2 2+  + + + ( )

TheXRDpattern (figure 4(a)) exhibits a broad (002) reflection at 2θ= 21.5 degrees corresponding to a d002
= 4.13Å; a weaker peak around 2θ= 42 degrees is due to the (100) reflection. The d-spacing is somewhat higher
than that for turbostratic carbon (d002∼ 3.5Å) due to that FC containsfluorine atoms attached to carbon
[14, 50]. However, the d-spacing is still lower than that of fully fluorinated graphite (C/F atomic ratio= 1, d002
= 6.5Å) [51], suggesting partialfluorination [14, 50]. In addition, the presence of aliphatic C-Hbonds (vide
infra)probably further contributes to lowering the d-spacing value due to the smaller size of hydrogen. The
Raman spectrum (figure 4(b)) shows the characteristic D andG carbon bands at 1360 and 1578 cm−1 with an
intensity ratio (ID/IG∼0.9) typical of partiallyfluorinated graphene nanosheets [50]. TheATR-IR spectrum (not
shown) displays several peakswith a protruding peak at 1217 cm−1 assigned toC–F bonds. The other peaks
correspond toC–O,C=C/C=N, andC=Oaswell as C–Hvibrations [52].

TheXPS survey spectrum shows the presence of C (61%), O (7%), N (5%) and F (26%) (figure S3). The
presence offluorine atoms endows thematerial with a significant degree of hydrophobicity. For example, when
the FC ismixedwithwater itfloats to the top (figure S4). The high-resolutionC1s spectrum (figure 5(a))was
deconvoluted into five individual peaks. The peaks at 287 eV and 289 eV are attributed toCF (18%) andCFx
(3%), respectively [53]. In addition, the peaks at 285 eV, 286 eV and 288 eV are attributed toC–C,C–O/C–N
andC=Obonds, respectively [54, 55]. Focusing on the high-resolution F1s spectrum (figure 5(b))wefind two
types of C–F bonds: the peaks at 687 eV and 689 eV are characteristic of semi-ionic and covalent type bonds,
respectively. Since theC-F bond type changes from semi-ionic to covalent with increasing fluorination degree,
we suggest that the hypergolic reaction leads to amaterial with a relatively goodfluorination level [56].

Similar to 4-fluoroaniline, other related halogen-substituted anilines, such as 4-bromoaniline and
4-iodoaniline, react hypergolically with fuming nitric acid. This feature can be exploited to producemanymore
2Dhalogenated carbon derivatives by selecting the appropriate halogen substituted aniline [57]. Finally we note
thatmulti-fluorinated anilines, such as difluoroaniline and perfluoroaniline, did not result in hypergolic
ignition probably due to the high electronegativity offluorine atoms that prevents oxidation by the acid.

3.3.Morphological characteristics of h-BNand FCnanosheets
SEMandTEM images (figure S5) reveal the presence a plate-likemorphology for bothmaterials. The average
thickness of the h-BN sheets obtained byAFM is about 3 nm (figure 6(a)), i.e., consistent with the results

Figure 4. (a)XRDpattern and (b)Raman spectrumof FC. The inset in (a) shows images of the synthesis reaction before and after the
addition of fuming nitric acid into 4-fluoroaniline.

Figure 5.Deconvoluted high-resolutionXPS spectra of FC: (a)C1s and (b) F1s.
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obtained from theXRDpattern and the Scherrer equation. FC nanosheets appear compact with no surface
porosity. Consistent with the lack of porosity, FC exhibits a relatively low specific surface area of 65m2 g−1. The
average thickness of the sheets obtained byAFM is close to 5 nm (figure 6(b)).

3.4.Hansen affinity parameters analysis
TheHansen affinity parameters were calculated by evaluating the dispersion stability in a range of solvents with
different polarities. Each solvent wasmixedwith either h-BNor FC to form a 0.1wt%dispersion. The
suspensions were sonicated in a bath sonicator for 20 min and the solvents were ranked according to the
dispersion stability: a value of 1, if the dispersionwas stable or 0 if the dispersion sedimented. The dispersion
stability was quantified using the separation index obtained from samples subjected to a centrifugation
acceleration of 2000g for 5 min. All the separation indices derived from the LUMiSizer alongwith the RED
values for bothmaterials are presented in table S1 in Supporting Information. The full list of solvents is shown in
figure S6 alongwith their correspondingHansen solubility parameters.

The calculated values of theHansen affinity parameters (δd, δp, δh) for h-BN are 16.6, 8.2, 21.3MPa1/2. The
corresponding values for FC are 17.4, 10.1, 14.5MPa1/2 (figure 7). The radius of the sphere for h-BN is R0= 5.6
MPa1/2 while in the case of FC the radius reached the value of 7.9Mpa1/2. The δt values for h-BN and FC are 28.2
and 24.8Mpa1/2, respectively. A FIT=1.0was obtained for bothmaterials, indicating that all the grade 1 (good)-
solvents were located inside the sphere and all the grade 0 (poor)-solvents outside. The δt of h-BNproduced
hypergolically is similar to the values reported previously byCastillo et al [58] for BNnanotubes synthesized by
conventionalmeans.We note that there are no reported affinity parameters for FC.However, the values
obtained for FC are dramatically different from carbon black (VulcanXC72), which showed a sphere with a
larger radius (R0= 12.8MPa1/2) (figure S7) confirming the increased hydrophobic nature of the former [59].

Figure 6.AFMheight profile images of selectedflakes of (a) h-BN and (b) FC.

Figure 7.Hansen space of h-BN (a) and FC (b). The blue circles correspond to good solvents, while the red squares to poor ones.
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4. Conclusions

h-BN and FCwere synthesized hypergolically by igniting ammonia boraneNH3·BH3 or 4-fluoroaniline with
fuming nitric acidHNO3, respectively. Bothmaterials possess a layer structure and their synthesis expands the
range ofmaterials previously synthesized hypergolically to include 2D systems. Structural characteristics of the
2Dnanostructuredmaterials were evaluated by a range of techniques includingXRD andATR/IR, Raman and
XPS spectroscopies.Morphological features were ascertained byAFM, SEMandTEM.All techniques are
consistent with the presence of nanosheets with submicron lateral dimensions and average thickness of 3–5 nm.
Dispersibility in various solvents was quantified and expressed in terms ofHansen affinity parameters. The
sphere representing all good solvents for h-BN is centered at 16.6, 8.2, 21.3MPa1/2, for δd, δp, and δh,
respectively. The corresponding values for FC are 17.4, 10.1, 14.5MPa1/2. The calculated affinity parameters not
only provide a basis for formulating inks with the tested solvents but allow predicting the quality of dispersion
with other solvents. The results provide yet another demonstration of howhypergolic reactions, in addition to
be the basis for rocket propulsion, can also be used for the rapid synthesis of a number ofmaterials including 2D
nanostructures.
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