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ABSTRACT: The  solvation  structure  of  water-in-salt  electrolytes  was  thoroughly 
studied, and two competing structures�anion solvated structure and anion network� 
were well-defined in recent publications. To further reveal the solvation structure  in 
those highly concentrated electrolytes, particularly the influence of solvent, methanol was 
chosen as the solvent for this proposed study. In this work, small-angle X-ray scattering, 
small-angle neutron  scattering, Fourier-transform  infrared  spectroscopy, and  Raman 
spectroscopy were utilized to obtain the global and local structural information. With the 
concentration  increment, the anion network formed by TFSI−   became the dominant 
structure.  Meanwhile, the  hydrogen bonds among methanol were interrupted  by the 
TFSI−  anion and formed a new connection with them. Molecular dynamic simulations 
with two different force fields (GAFF and OPLS-AA) are tested, and GAFF agreed with 
synchrotron  small-angle X-ray scattering/wide-angle  X-ray scattering  (SAXS/WAXS) 
results well and  provided insightful information about  molecular/ion  scale solvation 
structure. This article not only deepens the understanding of the solvation structure in 
highly concentrated  solutions, but more importantly, it provides additional strong evidence for utilizing SAXS/WAXS to 
validate molecular dynamics simulations. 

KEYWORDS:  Small-angle X-ray scattering, Small-angle neutron scattering, Fourier-transform infrared spectroscopy, 
Molecular dynamic simulation, Solvation structure 

 
 

INTRODUCTION 

Considerable advantages were found for water-in-salt electro- 
lytes (WISE) compared with the commercial organic electro- 
lytes after introduced by Suo and his colleagues:  nonflam- 
mable, nonvolatile, low toxicity, and wider electrochemical 
window.1−4   Following this premier work, a fair amount of 
studies with multiple advanced techniques, such as Raman 
spectroscopy and  infrared spectroscopy (IR),  have  been 
reported to explore the solvation structure of the WISE.5−17

 

The anion coordination mode for imide-based electrolyte was 
commonly investigated by deconvoluting the Raman peak (S− 
N−S bending vibration) into three bands, which correspond to 

However, Raman spectroscopy and IR could not provide the 
global solvation structure. Recently, we  used  synchrotron 
small-angle X-ray scattering/wide-angle X-ray scattering 
(SAXS/WAXS), a  powerful tool  to  provide  structural 
information at the nanometer scale, to explore the solvation 
structure of the  WISE at  a  larger scale.8,24−26   In  lithium 
bis(trifluoromethane sulfonyl)imide (LiTFSI) and water with a 
wide range  concentration (from  1  to  20  mmol/g),  two 
competing solvation structures presented by two peaks have 
been identified. The peak located at relatively lower q values 
(around 0.3−0.5 Å−1) has been recognized as the TFSI−  anion 
solvated structure (ASS), and a higher q value peak (around 1 
Å−1) was defined as the TFSI−  anion network (AN),27 where q 

solvent-separated ion pair (SSIP), contact ion pair (CIP), and             
aggregate (AGG), respectively.18−21  By analyzing the shift of 
infrared peaks caused by the vibration of the hydrogen−oxygen 
bond or deuterium-oxygen bond, the bulk-like and ion-bound 
water were found to coexist in the system and serve different 
roles as a medium for lithium ion transport and a lubricant, 
respectively.6,9,22,23
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is the scattering vetor (q = (4π sin(θ)/λ,  where θ is related 
with scattering angle, and λ is the wavelength of X-ray).24 As 
described in Scheme 1, with the concentration increment, the 

 
Scheme 1. Change of Anion Solvated Structure (ASS) and 
Anion Network (AN) with Increament of LiTFSIa 

to a positive linear relationship with the carbon number of 
fluorocarbon chains, thus further confirming our hypothesis.32

 

After the effects of cations and anions are understood, the 
role of the solvent is the current focus to complete the puzzle. 
Methanol was chosen for this proposed study because it can be 
simply regarded as a hydrogen atom of water replaced with a 
methyl group. By introducing a methyl group, a system is 
established that  maintains a  certain relationship with the 
aqueous system. This choice would be able to facilitate us to 
find the universality  of previously  drawn conclusion. Mean- 
while, methanol has been employed as a cost-effective additive 
to enhance the performance of Zn batteries,33,34 and its direct 
utilization as a solvent has also been reported.35  Therefore, 
SAXS/WAXS, FTIR, and Raman spectroscopy were utilized to 
explore the  solvation structure  of  this  methanol-in-salt 
electrolyte, combined and supported by molecular dynamics 
(MD)  simulations. Like the WISE system, the TFSI−   anion 

a                                                −                                                                                                                        solvated structures and TFSI−   anion networks were observed 
The orange ellipsoid is TFSI anion, blue ellipsoid is water molecule, 

and the green sphere is Li+ ion. 
 
 

distance between the TFSI−   anions becomes closer, and the 
TFSI−    anion  solvated structure diminishes in  the  system. 
Meanwhile,  the  TFSI−   anion network begins to  build and 
eventually dominates. A similar SAXS/WAXS pattern was also 
reported in the ionic liquids.28−31   They assigned the  peak 
centered at ∼1 Å−1  as a charge-ordering peak (COP), which is 
an extended electrostatic network formed by ions and their 
counterions.28 We initially hypothesized that a higher q value 
peak (around 1 Å−1)  would be in the same category as the 
ionic liquid. However, further discovery  pointed in another 
direction. The  influence of  cations on  the  TFSI−    anion 
network is nearly nonexistent when using NaTFSI. In other 
words, the peak position remained unchanged. Additionally, 
the size calculated from the SAXS/WAXS profile is larger than 
that from the pure TFSI−  itself. The aforementioned findings 
lead us to believe that the high q peak is caused not by COP 
but by interfacial water. Furthermore, we extended the work to 
other  imide-based lithium salts  with  different symmetric 
fluorocarbon chain anions. Lithium bis(fluoro sulfonyl)imide 
(LiFSI), lithium bis(pentafluoroethane  sulfonyl) imide (LiBE- 
TI), and lithium bis(nonafluorobutane  sulfonyl)imide (LiBN- 
TI) were studied with the same protocol as for LiTFSI.32 The 
average distances (dspacing) of anion solvated structure conform 

in SAXS/WAXS with two peaks at lower and higher q values. 
Free  methanol and  interfacial methanol were able to  be 
determined by the FTIR. With the increment of concentration, 
more methanol was able to contact with TFSI−   anions and 
become interfacial methanol. The methanol solution’s dspacing of 
the TFSI−  anion network is larger than that of WISE’s because 
methanol is larger than water, which further confirms the high 
q peak is not from the charge-ordering. MD simulation also 
confirmed the  shifts  of  the  two  peaks  related  to  the 
concentration. 
 
RESULTS AND DISCUSSION 
As previously reported, SAXS/WAXS emerged as a valuable 
technique for probing the arrangement of anions of electrolytes 
on the nanometer scale.8,27,32,36−39  In the same vein as the 
aqueous  system  (Figure  1a),  SAXS/WAXS   profiles for 
LiTFSI’s methanol  solutions  with  a  broad  range  of 
concentrations have been obtained (Figure 1b). Two peaks 
were  observed, and  the  peak  assignment followed the 
principles established for  the  aqueous system.27,32,36   The 
peak at the lower q region (peak MA) was assigned to the ASS, 
which means the average distance (dspacing) between TFSI− 

anions. The  peak at  the  higher q region (peak MB) was 
considered to represent the AN, where a narrow channel is 
formed by the gaps of the crowded TFSI−  anions. The average 
distance between the solvated anions and the channel size 

 

 
 

Figure 1. SAXS/WAXS profile for (a) water-in-LiTFSI electrolyte and (b) Methanol -in-LiTFSI electrolyte; (c) Statistics and comparison for 
dspacing of the anion-solvated-structure (ASS) and anion network (AN) from experiment and simulation. 
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Figure 2. IR absorption spectra of the C−H and −OH stretch mode of methanol in LiTFSI’s methanol solutions; (b) The alteration in the 
relative quantities, where interfacial methanol gradually became the major part with the concentration increase. 

 

 
 

Figure 3. (a) SANS profiles for LiTFSI in deuterated methanol; (b) dspacing comparison between the peak NA and MA obtained from SANS 
and SAXS/WAXS, respectively. 

 

could be calculated by the dspacing  = 2  . The positions of peak 
q 

of LiTFSI concentration. Referring to the WISE system, the 

MA and MB were accurately determined in the range 0.2 Å−1 new peaks were assigned to the interfacial methanol bonded 
− 

≤ q ≤ 1.3 Å−1, after being subjected to Lorenz analysis (Figure with  the  TFSI anion. The  relative amount  of  the  free 
 

S1 and  Table S1). The  dspacing of ASS and  AN and  the 
comparison with the water system is shown in Figure 1c. At the 
same concentration, the number of molecules of methanol is 
much  smaller than  the  number  of  molecules of  water. 
Therefore, LiTFSI’s methanol solutions have a smaller dspacing 

of ASS than WISE. Meanwhile, the dspacing of AN in methanol is 
larger than  that  of  water, because methanol has a  larger 
molecular size (∼0.41 nm40) than water (∼0.28 nm41). Such 
results confirm that the second peak is not due to charge 
ordering but  rather  associated with the  interfacial solvent 
trapped within the anion network. 

We performed the FTIR study further to understand the 
influence of bulk and interfacial methanol. The FTIR spectra of 
OH stretching of methanol in LiTFSI’s methanol solutions at 
different concentrations were obtained by the attenuated total 
reflection method (ATR) and displayed in the upper panel of 
Figure 2. The OH stretching frequency of pure methanol is 
centered at 3319 cm−1. As the LiTFSI concentration increased 
from 1  to  20m, the  intensity of the  3319 cm−1   IR band 
decreased while experiencing a blue shift. Hydrogen bonds can 
cause this alteration among the bulk methanol disrupted by the 
presence of LiTFSI.9 Meanwhile, a new IR band positioned at 
3547 cm−1  emerged and became dominated by the ascending 

methanol and interfacial methanol could be determined by the 
Gaussian analysis. As presented in Figure S2 and Table S2, at 
the concentration of 1m, the free methanol was the absolute 
major component, with interfacial methanol accounting for 
only  5.82%. As  the  LiTFSI  concentration increased, an 
increasing amount  of  methanol  disrupted  the  hydrogen 
bonds  among  themselves and  instead  became bound  to 
TFSI−.  Interfacial methanol reached a maximum fraction of 
67.42% when the concentration reached 20m. 

To further investigate the behavior of methanol in solution, 
regular methanol was substituted with deuterated methanol 
(CD3OD)   to  perform  the  small-angle neutron  scattering 
(SANS). As shown in Figure 3,  only one peak (peak NA) 
could be observed below q = 1 Å−1, which is similar to those 
reported  for  the  LiTFSI/D2O  system.36,42  This  peak was 
attributed to the CD3OD−CD3OD  correlation. The peak is 
approximately located at q = 2 Å−1  and arises from the diffuse 
scattering of pure deuterated methanol. At lower concen- 
trations (1−5m),  this observable peak NA exhibits a similar 
behavior to  peak MA in  SAXS/WAXS.  However, as  the 
concentration increased (5−20m), peak NA and MA behavior 
diverged. In SAXS/WAXS, peak MA diminished and became 
unobservable, while peak NA remained detectable in SANS at 
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Figure 4. (a) X-ray scattering structure factor of various concentrations calculated from MD simulations with the GAFF force field; (b) 
Comparison of peak position from MD simulations (GAFF) (red)  and experimental measurements for different concentrations (black). 

 

approximately q = 0.65 Å−1  without any significant shift. The 
above phenomenon suggests that with the presence of the 
TFSI-  anion,  ordered  deuterated  methanol  clusters were 
formed  between  ASS and  AN.  At  lower concentrations, 
deuterated methanol clusters decrease in size as the 
concentration increases, aligning with the  average distance 
with  their  corresponding ASS. This  observation provides 
corroborative evidence within FTIR spectra that supports the 
proposition of hydrogen bond disruption between methanol 
due  to  the  presence  of  TFSI−    anions. Meanwhile, the 
unchanged peak  position in  higher concentrations means 
that irrespective  of the relative concentrations of the anion 
solvated structure and anion network, the presence of free 
methanol is consistently observed. 

We then  performed MD simulations to  provide a more 
profound  understanding of  the  solvation structure. The 
structure factor (S(q))  of different concentrations obtained 
from MD simulations with two different force fields: general 
Amber force field (GAFF)43    (Figure  4a)  and  optimized 
potentials for liquid simulations (OPLS-AA) (Figure S3a), and 
the computed radial distribution functions44,45 were used to 
calculate the S(q).46−48 Both X-ray scattering S(q) and neutron 
scattering S(q)  were  computed  from  MD  simulation to 
compare with experimental SAXS/WAXS  and  SANS data. 
The  comparisons between the  simulated X-ray S(q)  and 
experimental SAXS/WAXS results are presented. To facilitate 
a  more  convenient comparison, experimental I(q)   were 
converted to experimental S(q) by dividing the SAXS/WAXS 
curve of 0.5m (Figure S4a), and a demo of this calculation is 
also shown in Figure S4b. From Figure 4b and Figure S3c, a 
comparison among experimental S(q), GAFF, and OPLS-AA 
X-ray S(q) is presented. Based on this comparison, we argue 
that the calculated S(q) from GAFF seems to be more suitable 
for our  SAXS/WAXS.  Similar to  the  experimental SAXS/ 
WAXS, peak MA from GAFF is  only observed at  lower 
concentrations of methanol (1,  2, and 3m), and the  peak 
position shifts to  higher q  values with increasing concen- 
trations. Peak MB is observed across all of the concentrations. 
The peak position of peak MB (GAFF) changes toward lower 
q values from 1 to 5m but changes toward higher q values from 
10 to 20m, which agrees with the SAXS/WAXS experimental 
results. This  finding indicates  that  among  all  of  the 
characterization  techniques, SAXS/WAXS  is a more precise 

technology that could be used to validate the force field to 
MD. 

The solvation structure is further represented by snapshots 
obtained from the MD simulations. The relationship among 
TFSI−   anions (red),  methanol molecules (blue),  and  Li+ 

(green) in 1, 5, and 20m was selected to display in Figure 
5a−c.  As visualized  in Figure 5a, the  methanol molecules 
 

 
 
Figure 5. MD simulation snapshots of (a) 1, (b) 5, and (c) 20m. 
The red color presents the TFSI−  anions, the green color presents 
the Li+ ion, and the blue color presents the methanol molecules. 
 
 
remain connected to each other in the most dilute solution, 
which confirms that bulk methanol is the main component. 
Upon  zooming in for image display, the  distances among 
TFSI−   anions in the solution remain relatively sparse. When 
the concentration reaches 5m (Figure 5b), the large bulk of 
free methanol undergoes fragmentation due to the presenta- 
tion of more TFSI−  anions. Concurrently, the anion network is 
formed by the anion−anion interaction.28 When the 
concentration reaches 20m (Figure 5c), the anion networks 
become the domain. Meanwhile, the magnified image reveals 
that the TFSI−  anion forms a cluster instead of a single TFSI− 

anion. 
To  gain deeper insights into the  evolution of S(q),  the 

decomposition of both X-ray scattering and neutron scattering 
S(q) is also performed, and the results of 1, 5, 10, and 20m are 
plotted in Figure 6. The contribution of each type of solvent 
molecule/ion pair to the total S(q) can be thoroughly 
examined in the decomposition plot. For the X-ray scattering 
S(q) (shown in Figure 6(a−d)), peak MA and MB of the total 
S(q)  are  contributed  mainly by  TFSI−−TFSI−,  TFSI−− 
methanol, and methanol−methanol, and only one peak (or 
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Figure 6. Decomposition of the simulated S(q) from SAXS/WAXS of LiTFSI methanol solutions at (a) 1m, (b) 5m, (c) 10m, and (d) 20m, 
and decomposition of the simulated S(q) from SANS of LiTFSI deuterated methanol solutions at (a) 1m, (b) 5m, (c) 10m, and (d) 20m. 

 

 
 

Figure 7. (a) Raman spectra of LiTFSI’s methanol solutions with different concentrations; (b)  anion coordination mode obtained from 
Raman (histogram) and MD with GAFF force field (scatter + line); green, yellow, and red present SSIP, CIP, and AGG, respectively. 

 
antipeak) is observed for each of those species in the observed 
range of q. The peak positions of the decomposed S(q) from 
TFSI−−TFSI−,  TFSI−−methanol,  and  methanol−methanol 
are  mostly synchronized across all of  the  concentrations. 
However, the TFSI−−TFSI−   and methanol−methanol peaks 
are positive, while the TFSI−−methanol peak is anticorrelated 
with the methanol−methanol and TFSI−−TFSI−  peaks. This 
phenomenon is also discovered in other electrolyte systems, i.e. 
water-in-salt,6,36,49  which is interpreted as the alternations of 
anion−solvent−anion structure on the nanometer scale.50,51 As 
the concentration of LiTFSI increases, the peak positions of 
the decomposed S(q) from TFSI−−TFSI−, TFSI−−methanol, 
and methanol−methanol move from lower to higher q. The 
decomposition of the neutron scattering S(q)  are shown in 
Figure 6(e−h).  As we discussed for our experimental SANS 
results (Figure S5), only one major peak was observed in the 
low q region (peak NA), while the same phenomenon  was also 
observed in MD calculated neutron scattering S(q). Similar to 
the X-ray scattering S(q), the neutron scattering S(q) is also 
mainly contributed by TFSI−−TFSI−,  TFSI−−methanol,  and 
methanol−methanol. However, the total S(q) of peak NA is 
dominated  by  the  methanol−methanol  contribution  in 

neutron scattering S(q),  while the X-ray scattering S(q)  is 
more dominated by the TFSI−−TFSI−  contribution. 

With a full understanding of the global and local solvation 
structure related to methanol and TFSI−   anions by SAXS/ 
WAXS, SANS, and FTIR, the influence from concentration on 
anion coordination mode related to  TFSI−   anions and Li+ 

cations was captured by Raman spectroscopy. As anticipated, 
the  S−N−S  bending vibration peak experienced both  an 
increase in  intensity and  a  blue  shift  as  the  TFSI− 

concentration rises (Figure 7a), which indicates more TFSI− 

anions and the transition of SSIP into CIP and AGG. The 
comprehensive breakdown of  the  information is  visually 
represented in Figure S6 and listed in Table S3. To further 
substantiate the role of SAXS/WAXS in the validation of MD 
simulations, the anion coordination modes obtained from the 
GAFF and OPLS-AA force fields are depicted in Figure 7b and 
Figure S7 with experimental data for comparative analysis. 
SSIP (Experimental) decreased quickly from 91.81% to 4.11%, 
while SSIP (GAFF) showed the same trend from 90.43% to 
2.06%. Meanwhile, both  experimental and  calculated CIP 
(GAFF) gradually increased from below 10% to nearly 40%, 
then decreased to approximately 17% simultaneously. As CIP 
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reaches its peak, a significant portion of SSIP and CIP convert 
to AGG, establishing AGG as the domain species within the 
solution. This transition phenomenon can be observed in both 
experimental data  and  MD  (GAFF), and  it  is  consistent 
between them. Just as calculated SAXS/WAXS  is in better 
agreement with experimental data, SSIP obtained from OPLS- 
AA exhibits significantly greater deviations compared  to GAFF 
at lower concentrations, and CIP derived from OPLS-AA is 
underestimated at low concentrations and overestimated at 
high concentrations. In  contrast, a  relatively better  corre- 
spondence from OPLS-AA is observed with only with AGG. 

 
CONCLUSION 
The  synchronal SAXS/WAXS   reveals that  the  solvation 
structure change in different concentrations within the LiTFSI 
methanol solution is similar to that in the LiTFSI aqueous 
solution. The solvated structure only existed at a relatively low 
concentration, while the anion network was presented across 

 
using the same method as the SAXS/WAXS. The laser wavelength 
applied for measurements is 532 nm, and the spectrum was scanned 
with a 2400 line/mm grating. 

Molecular   Dynamics Simulation. MD  simulations were 
performed with a  large-scale atomic/molecular massively parallel 
simulator (LAMMPS)54   using  the  general Amber  force  field 
(GAFF).43  The partial charge of the cations and anions was scaled 
to 0.6 of their original charges. The simulation details and force field 
parameters were included in  the  Supporting Information.  Seven 
different concentrations (1, 2, 3, 5, 10, 15, and 20 m) were simulated, 
and each system’s box size and number of ions are listed in Table S4. 
Each simulation consisted of two steps: an annealing run of 10 ns with 
canonical ensembles (NVT), and a production run of 40 ns with 
isothermal−isobaric  (NPT)  ensembles, where the first 20 ns of the 
NPT simulations were to equilibrate the simulation and the rest 20 ns 
were utilized to  compute  the  properties. The  temperature and 
pressure were  controlled using  Nose−Hoover  thermostat  and 
barostat.55,56

 

The equation below was used to compute X-ray scattering and 
neutron scattering S(q) 

the various concentrations. FTIR was able to indicate that the  

x x f f 
L/2         2                          sin qr  sin(2  r / L) 

4 r (g (r)     1)                    dr 
free  methanol  transits  into  interfacial methanol  as  the    0       i      j    i   j i   j     0                      ij                       qr        2  r / L   

S(q) = 
concentration increases. Meanwhile, SANS revealed the 
CD3OD−CD3OD  correlations, which confirmed free meth- 

Ä Å 
ÇÅÅ x f 

É2
 

ÖÑ 

anol existed in the solution regardless of the concertation, 
which agrees with the outcome of FTIR. In addition to those, 
GAFF has  been  proven as  the  best  force field for  MD 
simulation to explain this proposed system. Further exploration 
based on simulated SAXS/WAXS decomposition  as well as the 
solvation structures were examined extensively. Peak MA was 
mainly from the anion−anion and solvent−solvent  contribu- 
tions. The anion−anion interaction, in the meantime, was also 

where ρ0, xi, and xj  are the total number density, and atomic mole 
fraction of  atom  type  i  and  j,   respectively. gij(r)   is  the  radial 
distribution function between atoms of type i and atoms of type j. L is 
the length of the simulation box. f i and f j are either the form factors or 
the  neutron scattering lengths. The  form factors are used when 
calculating the X-ray S(q) and the neutron scattering lengths are used 
when calculating the neutron scattering S(q). The form factors are q 
dependent functions, and they are calculated using 

4                                   2 
the main contributor to peak MB. The above findings further

 
f (q) = a expÅ  b 

i  q y Ñ  + c
 

confirmed that the high q peak around 1 Å−1  (peak MB) is not Å                              Ñ 
i       Å         ij 4   

z Ñ 

from the charge ordering but from the anion network. More 
i=1 ÇÅÅ k      { ÖÑÑ 

importantly, SSIP, CIP,  and  AGG  obtained  from  MD where the parameters ai,  bi,  and c  are taken from Table 6.1.1.4 of 
48 

simulation perfectly match  the  information from  
Raman analysis. This  finding means that  SAXS/WAXS  
could  be 

Prince et al. 
Sears et al.57

 

The neutron scattering lengths are constants taken from 

utilized to provide strong validation for the force field of the 
MD simulation. 

 
EXPERIMENTAL SECTION 

Small-Angle X-ray Scattering/Wide-Angle X-ray Scattering. 
SAXS/WAXS experiments  were conducted at the 12ID-B station of 
Advanced Photon Source at Argonne National Laboratory with an X- 
ray energy of 13.3 keV and a Pilatus 2M detector located about 2 m 
downstream from the sample. All samples, including  the electrolytes 
and pure solvents, were loaded into the quartz capillary and sealed. 
The exposure time was 1 s, and all the measurements were performed 
at the room temperature. Experimental S(q) values were obtained by 
dividing each concentration’s curves by the curve corresponding to 
the lowest concentration (0.5m). 

Small-Angle  Neutron Scattering.  The  SANS measurements 
were performed at the GP-SANS (CG2), High Flux Isotope Reactor, 
Oak Ridge National Laboratory.52 Two sample-to-detector distance/ 
minimum wavelength, λ, settings were used to collect SANS data: 4 m 
with a minimum wavelength  setting of 2.5 Å, and 1.3 m with a 
minimum wavelength setting of 2.5 Å, which provides a q range of 
∼0.04 Å−1  < q < ∼2.6 Å−1,  where q = 4π sin(θ)/λ  and 2θ is the 
scattering angle. The data reduction followed  standard procedures 
using routines implemented in Mantid.53

 

Fourier-Transform  Infrared Spectroscopy. FTIR experiments 
were carried out on a Shimadzu  IRAffinity-1S spectrometer with a 
QATR 10 attachment. A droplet of samples was dropped on the 
sensor. Each sample was scanned 40 times and averaged. 

Raman Spectroscopy. Raman measurements were carried out on 
a Renishaw  in-Via Raman Microscope. The samples were prepared 
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NOTE ADDED AFTER ASAP PUBLICATION 
The version of this paper that was published ASAP February 
19, 2024, contained an error in the instrumentation used for 
Small-Angle Neutron Scattering in the Experimental Section. 
The corrected version was reposted March 5, 2024. 


