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ABSTRACT: Achieving a balanced oxidant-to-fuel ratio remains a challenge in the field of energetic materials. Now,
oxygen-rich acids, HsIO¢/HIO3; were combined with three weakly basic energetics (btrz: 4,4'-bis-1,2,4-triazole; atrz:
4,4'-azo-1,2,4-triazole; ICM-102: 2,4,6-triamino-5-nitropyrimidine-1,3-dioxide) to form four cocrystals (1: HsIOg/btrz;
2: Hs5lOgy/atrz; 3: 2HIOs/atrz; and 4: HIO3;/ICM-102) through the close acid-base gap of two precursors. The oxygen
balances of the four cocrystals increased significantly, especially cocrystal 3, where its available oxygen atoms
provided by the two HIO; molecules is 5. Simple preparation, 49.2% iodine content, and excellent detonation
performance of cocrystal 3 makes it a promising energetic biocidal agent. Cocrystal 4 shows potential as both a
biocidal agent and energetic material. This work provides a new route for preparing cocrystals and broadens

application of oxidants for the development of well-balanced energetic materials.

1 Introduction

Energetic materials (including explosives, propellants, pyrotechnics, and other functional agents, etc.), which release a
large amount of chemical energy in a short time, play an irreplaceable role in modern society.[1] An ideal energetic
compound should convert H and C into H,O and CO,, respectively, completely (oxygen balance: OB, which describes
the excess or deficiency of oxidant to fuel) during the explosive reaction. However, the oxidant carried by a vast
majority of energetic compounds is often very deficient,[2-4] which seriously limits the energy output.[5] Traditional
methods to enhance the OB include the introduction of NO,, N-O, and di/trinitromethyl groups at the N or C sites in an
energetic skeleton through organic synthesis. These methods involve multi-step reactions and harsh conditions (such as
concentrated acids and low or high temperatures), which not only increase the danger, but also produce large amounts

of organic waste and waste acids (Scheme 1).[6-10]
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Scheme 1. Methods of enhancing oxygen balance in energetic materials.

In the past decades, cocrystal engineering has drawn extensive interest in energetic materials because it combines the
respective advantages (high detonation properties, low sensitivities) of the two precursors.[11-14] The recent
development of energetic cocrystals by embedding oxidants (e.g., H,O,, ammonium dinitramide (ADN), or N,0) into
energetics appears particularly promising in resolving the problem of negative OBs.[15-19] For example, the OB of
cocrystal PDO-ADN (PDO: pyridine dioxide) increased to -18.0% from -114.3% for PDO through cocrystallization of
ADN with PDO, which, along with a simple preparative method and excellent detonation performance makes PDO-
ADN a promising energetic material.[17] However, large amounts of concentrated H,SO, and HNO; and a low
reaction temperature are required to prepare ADN.[20] Hydrogen peroxide and N,O provide limited available oxygen
(Scheme 1). Approaching zero for OBs is the goal of energetic materials. Therefore, significant improvement of the
OB through a simple method is currently an attractive challenge in this field.

Research has shown that unlike in the case of salts, an important criterion for the formation of cocrystals is that the
acid-base gap of the two precursors should not be too large. For example, in acid-base systems, if there is a strong acid
(HC1O4, HNOs, etc.) or a strong base (NaOH, KOH, etc.) involved, salts form.[21-22] As representative of weak acids,
carboxylic-based compounds form salts with ammonia and guanidine, while they form cocrystals with weaker Lewis
bases (such as amide-based compounds, N-heterocycles).[23-25] It is likely that as the acid-base gap of the two
precursors becomes smaller, it is more difficult for the base (acid) to protonate (deprotonate),[26] leading to the
formation of a cocrystal. From this point, the acids and bases, whose acid-base gap is small, are the two classes of
potential starting materials used for forming cocrystals. Considering that an oxygen acid would be able to provide more
oxygen for energetic materials, HsIOs and HIO; were readily available first choices. Additionally, the product, I,
released from iodine compounds after initiation, is a biocidal agent, which can kill harmful microorganisms which may

be present in the environment.[27] This method of introducing iodine via cocrystallization is simpler than traditional



organic syntheses.[28-31]The pKas of HsIO¢ and HIO; are 1.64 and 0.8,[32] respectively. HIO; approaches being a
strong acid (strong acid: pKa < 0).[33] It is expected that the weaker bases can potentially form cocrystals with Hs1Og
and HIO;. Btrz (4,4'-bis-1,2,4-triazole), atrz (4,4'-azo-1,2,4-triazole), and ICM-102 (2,4,6-triamino-5-nitropyrimidine-
1,3-dioxide), are seen as very weak bases for the following reasons: 1) atrz forms cocrystals with the weak acid LLM-
116 (4-amino-3,5-dinitropyrazole, pKa: 3.42), which forms salts with a series of triazole-based weak bases, the
analogue (btrz) of atrz forms nitrate and perchlorate salts;[34-37] 2) ICM-102 forms a cocrystal with H,O, (a type of
weak acid), it forms salts with HCIO4 and HNO;.[19] In this study, four cocrystals were formed: 1, HsIO¢/btrz; 2,
HslOg/atrz; 3, 2HIOs/atrz; and 4, HIO;/ICM-102 were synthesized (Scheme 2). The rationale for the formation of
cocrystals was examined by NBO (Natural Bond Orbital) charge distribution, and their crystal structures as well as

physiochemical properties were investigated extensively.
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Scheme 2. Synthesis of cocrystals 1-4.

2 Experimental section

Safety Precautions.

Although none of the energetic compounds described herein has exploded or detonated accidentally in the course of
this research, these materials should be handled with extreme care using the best safety practices.

General.

All reagents were purchased from AKSci or Alfa Aesar in analytical grade and were used as supplied. 'H NMR and
3C NMR spectra were recorded on a 300 MHz (Bruker AVANCE 300) nuclear magnetic resonance spectrometer.
Chemical shifts for 'TH NMR and 3C NMR spectra are given with respect to external (CH;),Si ('H and 3C). [D6]
DMSO was used as a locking solvent unless otherwise stated. IR spectra were recorded using KBr pellets with a FT-IR
spectrometer (Thermo Nicolet AVATAR 370). Density was determined at room temperature by employing a
Micromeritics AccuPyc II 1340 gas pycnometer. Decomposition temperatures (onset) were recorded using a dry

nitrogen gas purge and a heating rate of 5 °C min™' on a differential scanning calorimeter (DSC, TA Instruments



Q2000). Elemental analyses (C, H, N) were performed with a Vario Micro cube Elementar Analyzer. Impact and
friction sensitivity measurements were made using a standard BAM Fallhammer and a BAM friction tester.
Computational Methods.

Theoretical calculations of btrz, atrz and ICM-102 were performed by using the Gaussian 03 (Revision D.01) suite of
scripts.[38] The geometric optimization, frequency analyses and NBO calculations of conventional CHNO-based
compounds were completed by using the B3LYP functional with the 6-31+G** basis set. The NBO calculations of
HIO; and HsIO4 were accomplished by using G2ZECP(ZPE=MP2) method. Single energy points were calculated at the
MP2/6-311++G** level of theory. For all of the compounds, the optimized structures were characterized to be true
local energy minima on the potential-energy surface without imaginary frequencies. Isodesmic reactions were used to
obtain the gas-phase heats of formation of btrz, atrz, and ICM-102 (Scheme S1). The gas-phase enthalpies of the
building-block molecules were obtained by using the atomization method with the G2 ab initio calculations. For
cocrystals, the solid-state heat of formation (HOF, A{H®) was calculated based on a Born—Haber energy cycle[39] with

the following simplified equation for calculation:

AH?® (cocrystal, 298K) = AH® (precursor 1, 298K) + nAH® (precursor 2, 298K) — AHgy, (n =1 or 2)

The heat of sublimation can be estimated using the DFT method with the GGARPBE (revised Perdew Burke-
Ernzerhof) exchange-correlation functional in Dmol3 program.[40-41]

Crystal Structure Analysis.

Cocrystals 1-4 (1, colorless chunk-shaped crystal with dimensions 0.15%0.10x0.09 mm?; 2, colorless chip-shaped
crystal with dimensions 0.10x0.06x0.03 mm?3; 3, colorless chunk-shaped crystal with dimensions 0.12x0.04x0.03 mm?,
and 4, orange chunk-shaped crystal with dimensions 0.20%0.11x0.06 mm?3) were mounted on nylon loops with
paratone oil, respectively. Data for these four crystals were collected using a Bruker APEX-II CCD diffractometer
equipped with an Oxford Cryosystems low-temperature device, operating at T = 173(2) K.

Preparation of cocrystals 1-4.

General methods for preparing cocrystals 1, 2, and 4, energetics (btrz/atrz/ICM-102) (1 mmol) was added to water (15
mL) at 60-70°C. Then HsIO4 or HIO; (0.228/0.176g; 1 mmol) was added with stirring at 60-70°C for 30 minutes. The

solution was filtered, and two or three days later, a cocrystal precipitated at the bottom of the vial containing the filtrate.



The crystals were obtained by filtration, washed by a small amount of water (5 mL) and dried. The preparation of
cocrystal 3 is the same as for 1, with a molar ratio of HIO; to atrz of 2:1.

Cocrystal 1: Colorless crystal, yield: 63%. 'H NMR (d6-DMSO): 8 9.16 (s, 5H), 6.42 (s, 4H) ppm. 3C NMR (d6-
DMSO): 8 142.65 ppm. IR (KBr): v 3123, 2894, 2440, 1616, 1505, 1300, 1265, 1191, 1076, 1018, 965, 776, 646, 609
cm™!. C4HgIN(Og¢ (364.07): Caled: C 13.20, H 2.49, N 23.08 %. Found: C 13.29, H 2.60, N 22.89 %.

Cocrystal 2: Colorless crystal, yield: 65%. 'H NMR (d6-DMSO): § 9.43 (s, 5H), 6.08 (s, 4H) ppm. 3C NMR (d6-
DMSO): 6 138.39 ppm. IR (KBr): v 3425, 3119, 2944, 2376, 1644, 1489, 1369, 1315, 1179, 1040, 934, 854, 765, 695,
619, 578 cm™!. C4HoINgOg (392.09): Caled: C 12.25, H 2.31, N 28.58 %. Found: C 12.23, H 2.36, N 28.95 %.
Cocrystal 3: Colorless crystal, yield: 76%. '"H NMR (d6-DMSO): 3 9.44 (s, 2H), 5.79 (s, 4H) ppm. 3C NMR (d6-
DMSO):  138.41 ppm. IR (KBr): v 3440, 3116, 2940, 2655, 2344, 1733, 1488, 1367, 1315, 1176, 1035, 926, 884, 854,
694, 617, 543 cm™!. C4HgI,NgOg (515.97): Caled: C 9.31, H 1.17, N 21.72 %. Found: C 9.37, H 1.21, N 22.20 %.
Cocrystal 4: Orange crystal, yield: 78%. 'H NMR (d6-DMSO): § 9.13 (s, 4H), 8.46 (s, 2H) ppm. '3C NMR (d6-
DMSO): § 149.55, 146.86, 106.22 ppm. IR (KBr): v 3354, 3176, 1643, 1500, 1404, 1303, 1203, 1073, 882, 764, 703,

645 cm™!. C4H7INgO7 (377.94): Caled: C 12.71, H 1.87, N 22.23 %. Found: C 12.52, H 1.93, N 22.89 %.

3 Results and discussion

3.1 Single crystal structure.

Cocrystal 1 crystallized from water in the monoclinic space group (C 2/c), with four HsIOg molecules and four btrz
ligands in each unit cell (Figure 1a). One btrz molecule is trapped by seven HsIO¢ molecules, and one HsIOg is trapped
by five btrz molecules (Figure S1). The calculated single crystal density of 1 is 2.278 g cm™ at 173 K (Table S1). Two
types of hydrogen bonds (H-bonds), N-H:--O (1.873 and 2.027 A) and O-H---N (2.358 and 2.384 A), were formed.
Because of the disordered H (50% occupancy) between the neighboring Hs104 molecules, a special H---H bond has a
length of 1.159 A (Figure 1b). Structure 1 was bonded through a large number of H-bonds forming a 3D network
(Figure S2).

Cocrystal 2 crystallized from water in the triclinic (P-1) space group with one HsIO4 and one atrz molecule in each
unit cell (Figure 1c). Its calculated single crystal density is 2.354 g cm™ at 173 K. Each HsIO4 molecule is trapped by
four atrz molecules and two HsIOg molecules through H-bonds, and each atrz molecule is trapped by four HsIOg
molecules through H-bonds (Figure 2d and Figure S3). Two types of H-bonds, N-H---O (2.311 and 2.340 A) and O-
H---N (1.991 and 2.041 A), were formed. Similiarly for HsIOg in cocrystal 1, the H atoms between the neighboring

H;I04 molecules were also disordered, and two parallel H-bonds (1.947 A) were formed between two neighboring



H;10g in 2 instead of special H---H bonds (Figure 1d). The structure was connected through numerous H-bonds that

form a layered 3D network (layer-layer distance: 3.20 A), in which HsIOy serves as connecting nodes.

Figure 1. a and b) Single crystal structure and special H---H bond of 1; ¢ and d) Single crystal structure and packing
mode of 2

Cocrystal 3 also crystallized from water in the monoclinic (P21/c) space group; however, it is different from
cocrystals 1 and 2 in that one atrz molecule combines with two HIO; molecules in each unit cell. The single crystal
density of 3 is as high as 2.875 g cm?3 at 173 K, and only two symmetrical H-bonds (1.813 A) formed between HIO;

and atrz (Figure 2a). Cocrystal 3 shows a layer packing mode (layer-layer distance: 3.22A) due to the coplanar atrz

ATy

(Figure 2b).

AMMM

A

Figure 2. a) Single crystal structure of 3; b) packing mode of 3.



Cocrystal 4 crystallized from water in the triclinic (P-1) space group, with two ICM-102 molecules, two crystal
waters, and two HIO; molecules in each unit cell. The calculated single crystal density of 4 is 2.521 g ecm?3 at 173 K. It
is interesting that coplanar ICM-102 has six intramolecular H-bonds with bond lengths of 2.019, 2.023, 2.210, 2.212,
2.260, and 2.320 A, respectively (Figure 3a). Additionally, eight types of intermolecular H-bonds were formed among
ICM-102, H,0, and HIO; with bond lengths of 1.592, 1.933, 1.993, 2.035, 2.068, 2.165, 2.350, and 2.411 A (Figure
S4). Especially the H-bond length of 1.592 A, which is among the shortest hydrogen bonds of energetic compounds.[6]
Finally, the structure was connected through the special short H-bonds, forming a double-layered (H-bond connecting

layer: 3.06A and I-I layer:3.15A, Figure 3b) 2D network.

Figure 3. Single crystal structure, 4; packing mode, 4.

Usually, the acid-base property of a compound depends greatly on the NBO value; that is, the higher the NBO value
of the proton, the more acidic the compound. On the contrary, the lower the NBO value of N or O that greater tendency
to bind to protons, the stronger is the base.[42] For example, with a decrease in acidity in the order HClO, > HNO; >
TNP (3,4,5-trinitro-1H-pyrazole) > DNP (3,5-dinitro-1H-pyrazole) > LLM-116 with pKa values of -10.0, -2.0, 2.35,
3.14, and 3.42 respectively,[9,35,37] the charge on their protons decreased with NBO values of 0.531, 0.522, 0.489,
0.482, and 0.480, respectively (Figure 4 and Figure S5-S13). Similarly, a change in the NBO value of the N atoms that
readily bind to protons in guanidine, 3,5-diamino-1,2,4-triazole (DAT), 3-amino-1,2,4-triazole (3-AT), and 1,2,4-
triazole (Tr) changes the basicity.[43-44] HCIO4, and HNO; form salts with any base as strong acids. DNPP (3,6-
dinitropyrazolo[4,3-c] pyrazole) with an NBO value of the readily lost proton at 0.478 and whose acidity is supposed
to be weaker than LLM-116 along with LLM-116 form salts with guanidine and DAT. DNPP and LLM-116 form

cocrystals with 3-AT and atrz, respectively.[35,45,46] Hence, the investigation of NBO of the precursor can help



understand the formation of cocrystals, as well as the acid-base properties of a compound.

a) The acidic order of several acids and the NBO value of readily lost protons
(yellow background).
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Figure 4. The order of acids and bases with their calculated NBO charges on protons and N/O atoms.

The NBO values of protons in HsIO4 and HIO; are 0.503 (average value) and 0.549, respectively (Figure S14). Their
pKas are 1.64 and 0.80, respectively. Although the NBO value of the proton in HIO; is higher than those in HC1O, and
HNO;, the acidity of HIOj; is lower than HCIO4 and HNO;. This arises from a delocalization effect of the larger I atom
compared to CHNO atoms. Apparently, HsIOg and HIO; are stronger acids than TNP, DNPP and LLM-116. HIO; is
close to a strong acid (pKa < 0). Hence, the NBO values of N or O atoms that readily bind to protons in these three
weak bases should be higher than those in DAT, 3-AT, and Tr. The calculated NBO values of corresponding N atoms
in btrz and atrz are -0.285, -0.287/-0.272, respectively, which are obviously higher than those in DAT, 3-AT, and Tr.
The NBO values of the corresponding two O atoms in ICM-102 are both -0.651, lower than that in HO, (-0.497), and
much higher than that in H,O (-0.995) (S15-18), which supports that btrz, atrz and ICM-102 are weak bases. It is
interesting to note that the shortest H-bonds in cocrystal 3 (1.813 A) and 4 (1.592A) were apparently shorter than those
in 1 (1.873A) and 2 (1.947A), this is possibly due to the fact that it is difficult for stronger HIO; to deprotonate in the
cocrystal systems of 3 and 4, leading to the formation of strong H-bonds. Therefore, more and more cocrystals with
strong H-bonds are expected to be prepared based on the results in this work.

3.2 Physicochemical properties.
Anhydrous 1-4 (see Experimental section) were heated at 5 °C/ min! in a nitrogen atmosphere, and their

decomposition temperatures (onset) were found to be 163 °C, 136 °C, 192 °C, and 181°C, respectively (Figures S19-



S22). It is interesting to observe that although atrz is more thermally stable than btrz,[47,48] the decomposition
temperature of 1 is not only higher than that of 2, but also higher than those of periodate-based organic compounds.[30]
This may be because of the especially strong H---H interaction (short bond length of 1.159 A), the short H-bond (1.873
A) in 1, and the two parallel H-bonds in 2 (1.947 A) produced by the disordered H bonds which are longer than those
in 1. Hirshfeld surface analysis also shows that the distance of “soft” H---H interactions in 1 is as high as 0.4d (Figure
5), which is not only stronger than that in 2, but also the strongest “soft” interaction ever reported.[6,7] Although in
cocrystal 3, one atrz molecule combines with two HIO3; molecules, its decomposition temperature (192 °C) is higher
than those of iodate-based organic compounds,[30] which is possibly because of the short H-bond (1.813 A) and n-n
interaction (layer distance =~ 3.22 A) between the two layers. Furthermore, the decomposition temperature of 4 is
comparable to that of 2,4,6-triamino-5-nitropyrimidine-1,3-dioxide nitrate (177 °C),[19] which may arise because of
the combination of multiple H-bonds, very short H-bond (1.592 A), and strong n-n interaction (layer distance = 3.06
and 3.15 A). Generally, nitrates are more stable thermally than iodates. The impact sensitivities of 1-4 were
determined as 28, 23, 8, and 35 J, respectively. Compound 1 is insensitive (>360 N) to friction stimulation, and the
friction sensitivities of 2—4 are 120, 96, and 240 N, respectively. All the four cocrystals are less sensitive than the
previously reported iodate and periodate-based compounds.[30] This may arise because of the especially strong H---H
interactions, multiple (strong) H-bonds, and n-r interactions.
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Figure 5. Two-dimensional fingerprint plots and Hirshfeld surfaces of (a) 1 and (b) 2.
The packing densities of anhydrous 1-4, measured using a pycnometer at room temperature, were 2.25, 2.31, 2.82,
and 2.48 g cm3, respectively (Table 1). In particular, the densities of 3 and 4 are obviously higher than those with the

same iodine content level.[28,31,49] This is, because the packing index of 3 and 4 are 77.7% and 79.5%, respectively,



which are higher than the majority of organic compounds and of all reported energetic iodine compounds (see
Supporting Information, Figure S23-S24). Because Hs1O0¢ and HIO; are sources of more oxygen than N,O and H,0,,
the OBs of 1-4 were increased significantly to -28.5, -26.5, -15.5, and -14.8% from -117.5 (btrz), -97.6 (atrz), and -
55.2% (ICM-102), respectively. The available oxygen atoms in 3 is 5 for each cocrystal molecule which is much

higher than that provided by ADN-PDO (Figure 6).[17]

Table 1. Physicochemical properties of different energetic compounds.

Comp. §m3()g OB (%) Te¢ (°C) IY0)  FSe¢(N) I/(%) AdH¢(kImol') D,*(ms') Pi(Gpa)
1 2.25 285 163 28 >360 34.89 -575.5 6664 20.58
2 2.31 -26.5 136 23 120 32.40 -44.8 7538 29.52
3 2.82 -15.5 192 8 96 49.23 168.5 6960 30.68
4 2.48 -14.8 181 35 240 33.60 -437.4 7591 32.57
DIDNPT/  2.56 -41.4 323 7.4 >40 50.46 1192.7 5834 21.48
TNT/ 1.65 -74.00 295 15 353 p -31.7 6881 19.50

@ Experimental density at room temperature. ® Oxygen balance (OB), calculated according to [OB = (0-2C-
1/2H)1600/M]. ¢ Decomposition temperature (onset). ¢ Impact sensitivity (J). ¢ Friction sensitivity (N)./ Todine content

(%). ¢ Enthalpy of formation (kJ mol!). ” Detonation velocity (m s™). ? Detonation pressure (Gpa). / Ref 28.

The iodine contents of 1-4 are 34.89, 32.40, 49.23 and 33.60%, respectively. The released I contents calculated by
Cheetah (8.0 version) are 31.40, 29.07, 46.46, and 30.45, respectively, which were confirmed by experimental
determinations (see Supporting Information). Compound 3, with an iodine content is almost 50%, is a very promising
biocidal agent. The enthalpies of formation of 1-4 were calculated to be -575.5, -44.8, 168.5 and -437.4 kJ mol!,
respectively (Supporting Information). The detonation velocities of 1-4 were determined to be 6664, 7538, 6960 and
7591 m s!, respectively, and their detonation pressures are 20.58, 29.52, 30.68 and 32.57 Gpa, respectively. It is
should be noted that the detonation properties of 2-4 are higher than those of TNT. The detonation velocity of 3 is
higher than that of DIDNPT (2,6-diiodo-3,5-dinitro-4,9-dihydrodipyrazolo [1,5-a:5',1’-d][1,3,5]triazine), the
representative of compounds whose iodine content is about 50% [28,50,51] by almost 1100 m s'! (Figure 6 and Table
1). This is the first compound where the detonation velocity is higher than that of TNT with an iodine content of about
50%. According to the empirical Kamlet formula, [52] detonation properties are dependent on density and heat of
detonation. In detail, the detonation velocity (Vd) is proportional to the density and the quadruplicate of the heat of

detonation, while the detonation pressure (P) is roughly proportional to the square of the density and square of the heat



of detonation. Heat of detonation is dependent on heat of formation and oxygen balance. For I-based energetic
materials, due to the large relative atomic mass of I, it is inverse to its detonation performance. These above reasons
show that due to the higher heat of formation of 2 compared to 1, the detonation properties of 2 are higher than those of
1. This is the case even though the density and oxygen balance for the two compounds are nearly the same. Compared
to cocrystal 2, 4 has a higher density and oxygen balance. Its detonation velocity is only slightly higher than that of 2,
likely caused by the low heat of formation of 4. Cocrystal 3 has the highest density, as well as an excellent oxygen
balance and a high heat of formation of these four cocrystals. Its detonation performance is lower than that of 4,
resulting from the fact that it has the highest I content among these four cocrystals. The excellent detonation properties
of 1-4 are conducive to the diffusion of explosion products (I,) over a larger range to effectively destroy more harmful
microorganisms. In particular, the thermal stability and high iodine content (49.23%) makes 3 a promising energetic

biocidal agent. Cocrystal 4 shows potential as both a biocidal agent and an HEDM.
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Figure 6. The available oxygen atoms provided by oxidants through cocrystallization (HIG-1: 2ICM-102-H,0,, DNBT:

3,3’-dinitro-5,5-bis-1H- 1,2,4-triazole).

4 Conclusion
In this work, moderately strong acids, HsIOs and HIO;, were used as oxidants and combined with weakly basic
energetics via cocrystallization of the small acid-base gap. The resulting four cocrystals 1-4 were characterized using

single crystal X-ray diffraction analysis. Due to the oxygen-rich HsIO4 and HIOs, the OBs of 1-4 were significantly



large. Particularly, cocrystal 3 has the highest available number of oxygen atoms (5) provided by the oxidant through
cocrystallization for each cocrystal molecule. A high iodine content (49.2%), ease of preparation, acceptable thermal
stability, and excellent detonation properties make it a promising energetic biocidal agent. Cocrystal 4 shows potential
not only as a biocidal agent, but also a high energy density material. This study expands the scope of oxidants for the
development of well-balanced energetic materials comprised of many additional cocrystals with excellent properties

resulting from the methodology developed here.
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Highlights:
(1) Oxygen-rich acids, HsIO¢/HIO;, were introduced into energetics through cocrystallization of close acid-base gap.
(2) The available oxygen content carried by oxidant in cocrystal 3 is as high as 5.

(3) The excellent detonation properties of 3 and 4 makes them very promising as biocidal agents and high-energy
materials.

(4) This study provides a new route for preparing cocrystals and broadens application of oxidants for the development
of well-balanced energetic materials.
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