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as imidazoles, pyrimidines, and triazinesLMhich are furtherthen

used for_synthesis of biochemically active_or energetic
compoundsﬁl'sg In the field of energetic materials, acetamidine
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Here, we describe the synthesis, crystalX-ray structure,
hygroscopicity, and thermal stability of several of theemeefthe

acetamidiniumae saltsM’-ﬁs%ed—m—FigLuFe MH
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Synthesis
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NH, i
1 X=Cl, n=1 4 X=HCQO, n=1 7 X=(C0Q), n=2
2 X=NO,, n=1 5 X=80, n=2 8 X=ClO,, n=1

3X=CH,000,n=1  6X=CH(NO,),,n=1 9 X=HSQ,, n=1

Fig. 1 List-ofaAc salts st in this study.

We previously reported aFhe procedure for the preparation of
acetamidinium sulphatesulfate (5) from 1 -via an ion exchange
reaction-from-acetamidinium chloride (1) was earlier described
by—us.22 For our purposes, it may be considered a universal
method for the preparation of acetamidinium salts from 1 \(Fig_
2)l[We used Fthis procedure to synthesizewas-now-used-forthe

m4 lsind | have checked the text in all four figures; no changes are needed

uanidinium

(12) ar.
=T

Rl & e here.
120 4 3
10 Please note that the manuscript contains only 4 figures, but the text
100 - e ‘1 refers to 11 figures in all. Please ensure that the rest of the figures
3? - .12 are included and formatted correctly prior to submission to the
Yt 9 journal.
zeo —s {
3 8 Commented [A18]: Please add a statement here that describes
§ = how your findings would address the disadvantages of
2 acetamidinium chloride. Also, emphasize the novelty of the study.
= \
> Commented [A19]: Some of the figure identifiers are shown in
; purple font. Please be sure to review font color prior to submission
N to ensure adherence to the journal’s guidelines.
4

2 8.7 | commented [A20]: Focus area: The objective of the study is not
\ clearly specified.

0 5 10 15 20 25
Time.(Days) ded action: | recc 1d you specify the objective and
Fig. 24 Changes in the Hhygre of salts (1-8) over time and talk about how your findings would address the disadvantages of
comparison with acetate (9), nitrate (11), and guanidinium acetamidinium chloride.

perchlorate (12).

Commented [A27]: This is difficult to interpret without seeing

synthesis-of -the-nitrate{2, as well as }andacetamidinium -the
oxalate (7)._Based on a previously reported method for the
preparation of 5,'8 we obtained acetamidinium perchlorate (8
from 3 and perchloric aud—'FhHs—;t—may—be—eenﬁéeFed—as—a
1 thaod for th T2

et 1 (Fi 2y
Ihe—met—hed—used—m—the—p;epa;ahen—ef—(-s-)— —starting-from

tamidin ad-b +h. £ th

. } et ¢

used—in—th hi . IQ\

#em—&anel—pe%eh«leﬂeaeel %ee&anmd—mmm—pe;ehleﬁa&e—(We

£

lattar

an actual calculation. Please show a generic calculation, for example

Ha teht Fparedwith-th fahiobth et | (mass hydrated sample/mass dry sample) x 100.
i | ; o
TR e-in-%—The-resultsaregivenin-Fig.u EALW Commented [A28]: Focus area: | suggest that you also discuss
for days-arep é-inFable1-In the case of some recent studies that might provide good context and viewpoints

compounds with known structures determined by X-rRay for your findings.

diffraction_(XRD) teehniguesanalysis, information about the
spatial structure is also included. The influence of the structure
on hygroscopicity is discussed later in this regort.[

Sudhakar, C., et al. "Crystal growth, optoelectronic and biological
properties of acetamidinium compounds: experimental and
computational approaches." Journal of Materials Science: Materials
in Electronics 34.3 (2023): 183.

Piper, Samantha L., et al. "Probing the secrets of hydrogen bonding
in organic salt phase change materials: the origins of a high enthalpy

also prepared 8jwasalse-prepared -from 5 by an ion exchange
reaction with barium perchlorate in water (Figure. 3).
midinium form 4) wa r from trimethyl
orthoacetate and ammonium formate.: A similar method has

of fusion." Materials Advances 2.23 (2021): 7650-7661.

Commented [A21]: Focus area: Materials and methods are
missing. You should provide a detailed part of the manuscript

been published eartierby Taylor for preparation of 3,6

[ commented [A22]: Please note, it is perhaps better to

Fh hod- wHth + idi HA tat (2) based-on
th + with +. id-than-th ARe-we-used{aceth
5 T
id) for wlohate (5138 AOW—St £l
7 7 Y
used-for t3 f idi A hh {8} Thissalt
prep 154 o7+
A Il srepared—from-5-bv—an—ion h 41, with
PFeEP Y 1)
Acetaraidin £ (4) o £ 4+ gl
N PFeR ¥
4l 4oy ol £ so A | thod b
b Llicheodl | by Tavdar £ " £3 16
1 Y ¥ PFER

consolidate the reaction schemes shown in Figures 2 and 3 withiq

Commented [A23]: Please add a brief description here (e.g.
/| “The procedure shown in Figure 2 is used here for the synthesis of
|| acetamidinium nitrate...”).

Commented [A29]: | suggest removing the last two sentences of
this paragraph, since structural analysis is discussed in the following
section.

Commented [A24]: Mention of a stronger acid here seems
unnecessary, and it makes the description a bit confusing. | think it is
sufficient to cite the previous report [18] in a simpler sentence. |~

Hygroscopicities

The acetamidinium salts were weighed and stored under 90%
humidity at 30 °C?3 for 1-21 days. [Samples of ammonium
acetate (10), guanidinium nitrate (11), and guanidinium
chloride (12) were stored under identical conditions. The |

Commented [A25]: Based on the information given in the
Introduction section, the formate is obtained from acetamidinium
acetate (3). Preparation of the acetate is described in [16], but

[ Field Code Changed )
| Field Code Changed )

2 |Chem. Sci., 2023, 00, 1-3

Ci d [A26]: If your results are being compared directly
to the hygroscopicities of these compounds, | interpret this to m

This journal is © The Royal Society of Chemistry 2023

Please do not adjust margins



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/#B22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/#B18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/figure/F3/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/#B16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/#B16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/#B23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3275501/figure/F4/

Please do not adjust margins

Journal Name

Fhe—aAcetamidinium cations mayis—freguently serveused as a
counterions for a wide variety of anions, like simple
halegenides, carboxylates, and —complex metal anions—and
others, i'l'h_eil'-he—pgarent acetamidine is characterized byreveals

NH, For

MNH
EtONa
& —_— —< + NaCl
NH EtOH
2 NH,
1
/NH HX NH} .
n < e —4 X
NH, EtOH NH, /,
2 X=NQ,, n=1
5 X=50,, n=2
7 X=({COO),, n=2

Fig. 42 Preparation of
from 1.

nitrate (2), (5), and oxalate (7)

ARTICLE

Fhe—perchlorate and oxalate structures wereare rathdr
unique in—the—set—efamong —the acetamidinium structure
deter—minedexamined h’he meieeu—lar—structure of

shown in —{Fig.ure {7}. Acetamldlnlum perchlorate (§)
Fheprimarily forms rings with 22 members, as shown in
rmain-elementofthe perehlorate{8) strueture{Fig.ure 8. In oy

18
analysis, t\he acetamidinium C-NH;group formed an H-bonf
4
n

with a single oxygen atom in perchlorate, and the distanc|
between the pivot carbon atom and the NH,moiety; |
this group was 1.323(3) A. The other nitrogen-containing grou
formed two H-bonds with the perchlorate ion. The distanck

between the pivot carbon and nitrogen atoms in this group was
th dict. hat th

Bivet b tom—and—th
£ =
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determined—by—X—ray—erystalography—techniquesof _several
acetamidinium_salts. Acetamidinium oxalate (7),_shown in
Figure-Figure. 5)5,) hasd a 2D structure withcomprising
interconnected layers d—with net—+
extensivelimited H-bonding. In_contrast, Aacetamidinium
perchlorate (8, Figure-Fig.ure 6}6) hasd a 3D structure with
layers that were interconnected withby extensive H—bonding.l
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eaused-by-an-easier incorporation of water molecules into the
larger cavities ofin the ecempounds—with—3D structures;
compared to the intercalation_of water into the eempeunds
with-2D structures.

NMR spectroscopy

The NMR data for acetamidinium
salts 2, 4, 7, and 8 obtained with deuterated water (D,O) are
summariszed in Fable-Table_2.2: A closer inspection of the
proton NMR spectra measured-in-D.O-revealed thatthereis-an
equilibrium  between deuterated and
molecules, which were identified by marked —{strengly
decreasesé in the signal intensities of acidic protons-rtensity-of
Hthe—signals—ei-th ieie—p . The equilibrium is—shifted
almost entirely to the side of the deuterated forms, indicating
thatsample dapprommately 98%)

non-deuterated

of the molecules were
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difference—is—the—have a higher carbon contents thanef
acetamidinium—salts —compared—to—the_their —analogous
guanidinium_analogs, as-enes—{replacement—of thean amino
group in guanidines_is replaced —by a methyl_group}_in
acetamidine. Nevertheless, acetamidinium salts stil—have a

‘relatively high nitrogen kontent Compounds 6 and 8-have*
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the perchlorate (8) decomposed upon melting. J:hus—tThe

{

compound? Please indicate, or consider re-phrasing this sentence.

|

Formatted: RSC 104 Caption to Figure/Scheme/Chart,
Indent: First line: 0 cm

)

Ci d [A44]: Focus area: Results are well-written and

decomposmon temperatures of 2 and 8 werear +eh

being 183_2°C and 248_°°C, respectively. —(Figure11}—The
maxima of the decomposition_ranges s-for 2 and 8 wereare 255
2°C and 390 °°C, respectively. Forln comparison, decomposition

provide all main findings coherently.

Recommended action: None.

of guanidinium nitrate_on the same thermal stability device
starteds-te-decompeose at 270 2°C, -and guanidinium perchlorate
started to decompose [at BSOJ—“C‘ siaa—t me—th

stability-device.

deuterated. These observations contradicted findingsre—is—a
bet th b H published
by Kopylovich,'* wherein which no deuteration was described,
and two signals per 2H were observed.‘

dth

On the other hand, the pesitidirection of the equitlibrium
wasis reversed in_mixtures containing deuterated dimethyl
sulfoxide A~(DMSO-dg), in whichwhere approximately 90% of
the_compounds were in non-deuterated form ean—befound
forin all_of the samples measuredanalyzed. With the exception
of acetamidinium formate (4)

—al 3 (exchuding-4-i—in

DMSO-d¢}, two
distinctseparated broadened signeﬂsgeak belonging to fthe 2 x

attrlbutable to the delocallzsatlon of the—positive charge
throughout the amidinium group. Fhe—enly—exception—is
acetamidinivm—formated4 in DMSO-ds whereproduced enea
single broad sigralpeak, which represented-eemprising all four
NH-protons_bound to nitrogen-was-deteeted. The interactions
within _several acetamidinium complexes were studied by
Tominey and Krechl using NMR, XRD analysis, and quantum
chemical treatment.'”2” Our NMR_results wereFhis—is in
accordance with the observations published by Krechl'” and
similar to the results obtained by Tominey?’ for acetamidinium
tetrazolate complexes. These observations may have been due
toFhis—may—be—caused—by differences in the interactions

between the-formate anion and amidinium groups in d

solvents. Fhe—int H insid o +.
NMR X _r. 1 H nd auantum-ch H 1 + 1727
7 v v ~ o

Differential thermal analysis

W:etamidinium ‘nitrate (2), acetamidinium dinitromethanide

Conclusions

Acetamidinium salts were synthesized and characterized by

~elemental analysis, electrospray mass spectrometry, and NMR.

The—and—in—the—ecase—of energetic salts_were also examined;
bywith DTA. The structures of several previously unknown
acetamidines have—beenwere identified—proved—by—X-ray
diffraetion__by XRD analysis. Hygroscopicities_ of eight
acetamidinium salts were determined at 90% humidity-ir-96%
hepieiby-oleiphlacetamidinivm-salis-have-beenevaluated. The
results of the -different-valuesof-hygroscopicity_analysis were
are—corroborated by the structuresal determinedations

performed -by XRD-ray-aralysis:. The acetamidinium salts with

2D layered structures wereare not hygroscopic, while_the

acetamidinium salts with 3D layered structures were highlyare
qaite[hygroscopic\.\

,{
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e d [A45]: Focus area: Discussion is well-written and

presents all main findings in the context of previously published
research. The key finding of the study is the drastically different
hygroscopic properties of the 2D and 3D layered structures.
However, it is unclear how the development of these new salts is
expected to impact the field. What applications could benefit from
these materials? Are there economic, environmental, or policy
implications of these findings?

Recommended action: Please elaborate on how the development of
these salts would impact the field.

Commented [A39]: Does this mean that 98% of the molecules
were deuterated? This revision was made on that assumption.
Please review it for accuracy.

| Commented [A40]: It is not clear what ‘per 2H’ refers to here.

Please re-phrase this to explicitly indicate how this finding differs
from yours in terms of the proton signals and their significance for
interpretation of structural data.

(

Formatted: RSC B02 Article Text

Commented [A41]: Please add a description of what NHaHb is
(e.g. spell the terms).

Commented [A46]: Focus area: Conclusions are well-written,
coherent and stem from the main findings. However, the relevance
and significance of the study should be discussed.

Recommended action: Please discuss the significance of the study,
as I've recommended in the discussion as well, briefly here.

| Commented [A47]: Per the journal’s guidelines on the content

of the Conclusions section:

“This is for interpretation of the key results and to highlight the
novelty and significance of the work. The conclusions should
not summarize information already present in the article or
abstract. Plans for relevant future work can also be included.”

| suggest replacing the summary of the analysis with a broader
statement about the novelty of your findings and their importance
to the field.

/| Commented [A48]: Focus area: References are missing.

Recommended action: Please insert all relevant references. Please
make sure that these are up-to-date and strongly support all claims.

(6), and acetamidinium perchlorate (8) are energetic materials.
The_haveir potential for use is—in pyrotechnic applications,
where they may replace guanidinium_nitrate or perchlorate
salts—{nitrat +—perehlorate}. The_ acetamidinium

salts
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¥ Footnotes relating to the main text should appear here. These
might include comments relevant to but not central to the matter
under discussion, limited experimental and spectral data, and
crystallographic data.
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