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Scheme S1. The semicarbazone chain with subgroups representing the multipotent nature of NFZ in hydrogen
bond formation.
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Scheme S2. CSD hits for the selected semicarbazone fragments.
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Scheme S3. Hits obtained from the hydrogen bond motif search, where X is any atom.



Table S1. List of solvents/co-formers applied in cocrystallization experiments.

Solvent/Co-former Molecular Polarity index Dielectric Outcome
formula constant (g)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, €acom=l |

acetamide:acetonitrile C,HsNO:C,HsN - - B-polymorph
“acetonitrile GHN 58 375 B-polymorph
acetone GHoO 51 205 | o-polymorph
~aspirin- isopropanol: H,0 (2:1)  CeHg0,:CsHsO:H,0 - - B-polymorph
‘l4-dioxane CHsO, 48 20 | B-polymorph
~ 2-aminopyridine:isopropanol CsHeN»:CsHsO - 39 180 | ypolymorph
' 2-aminopyridine:ethanol CsHeNx:GHO - .52 162 B-polymorph
©2,3-lutidine CHN - - B-polymorph
‘2-picoline CH,N 98 - ypolymorph
3,4-lutidine CHN - - B-polymorph
4-picoline CH,N - - B-polymorph
" N,N-dimethylacetamide CGHoO 65 - B-polymorph
" N,N-dimethylformaldehyde CGH,NO 64 - B-polymorph
Cisopropanol CGHoO 39 180  ypolymorph
methylethylketone CGHoO 47 - B-polymorph
“methanol CHO 51 330 | o-polymorph
pyridne CHN 53 132 possible inclusion compound
tetrahydrofuran CHO 40 - B-polymorph

formic acid HCOOH pK,=3.75 B-polymorph
acetcacd CH;coOH pK=4.76 | B-polymorph
propanoicacid C,CHsCOOH pK,=4.85 | sovate




Table S2. Crystallographic data of the three polymorphic forms of NFZ collected at low (LT) or room
temperature (RT).

o—RT B-RT B-LT Y-RT Y-LT

Refcode WERVEU WERVEUO01 - WERVEUO02 -
Formula CeHeNsOs  CeHeNsOs CeHeNsOs  CeHeNsOs CeHeNsOf
™M 19815 19815 19815 19815 19814
Temp(K) 295 295 73 295 113
system | Monoclinic ~ Monoclinic Monoclinic | Monoclinic ~ Monoclinic
“Group . P2/a P P, Pue P2u/c
a/A 9.943(1) 419643) 42098(5) 13.5703(6)  13.4449(14)
b/A 8.402(1)  7.0129(5) 6.9632(9)  7.8254(3) 7.822109)
Y/ 10.220(1) 14.4528(10) 14.2021(18)  7.9677(4) 7.8587(9)
o © % % % %
B 101.18(1)  90.924(7) 92.360(3) 102.260(4)  103.134(3)
e © % °© % %
Vol. JAE 837.587 425.28(5) 415.96(9) 804859 804.86(16)
z a2 2 a a
plgemd) 1571 1547 1582 152  163%
Cu(mml) 0126 013 013 o014 o140
Dataset (hkl) - -13,13:-11,11:013  -5,5:7,9;-19,19  -55-9,9-1818  -18,17-10,10-10,10 -16,17;-10,10;-10,10
F000) a8 204 206 a8 a08
Crystalsize(mm) -  024x0.22x0.16 008x0.17x041 031x027x022 025x025x0.1
Radiation[A] | MoKa, 0.7107  MoKa, 0.7073  MoKa, 0.71073 | MoKa, 071073 MoKa, 0.71073
Thetamin-max  2.03,27.50 28,294 143528033 30,294 3.034,28.423

[]
FinalRindices ~ Rg=0032 R=0.0331 | R;=0.029  Ry=00333

[1>2.0 (1)] wR, = 0.059 WR; = 0.0806 WR; = 0.081 WR, = 0.0892
Tot,uniq.data,  1927,948,- 5895,1893,0.020 5583,1996,0.022  11142,2127,0015  19287,2029,0.310

R(int)
Neety Npar - 1893,136 199,151 2127,133 2029,139
s - 100 1038 100 1047
Max.andav. - 0.000,0000 - 0.000,0000

Shift/error
Min.and max. - - 010010 -0.198,0123  -017,013 -0.269,0249

resd. dens




Figure S1. Hydrogen bonds between the NFZ molecules in the 3 reported polymorphs.

Table S3. List of acid solvents used and their respective crystallizations.

Solvents used pKa Results
HCIOy (g =-10 co-crystal salt!
HCIO4 (conc) =-10 co-crystal salt!
H3POy @i 2.12 solvate

H3POs (cone) 2.12 solvate

H>S03 @i 1.81 B-polymorph
H,S505 (cone) 1.81 B-polymorph
HNO; @iy <1 B-polymorph
HNO;3 (cone) <1 B-polymorph




Table S4. Crystallographic data of the three multicomponent crystals of NFZ.

4NFZe[H;0*][CIO,] NFZeH;PO, NFZePA
Molecular formula CgHgN4O4 CgHgN4POg CoH1,N406
Formulaweight 91104 29613 7222
Temperature (K) 17320 17320 1732)
Crystalsystem Triclinic Tricinic | Monoclinic
Spacegrop  pl pr P2fc
a/A 79863(16) 4.4913(9) 15.801(3)
/A 14.566(3) 10.893(2) 129313
Y 16.2083) 12.6723) 24.475(5)
o 77883 106.873) 0
8 80903 99.66(3) 90.043)
e 81873 92303 %
Vol./A* 18202(7) 582271 ! 5000.8(17)
z 2 2 6
“mP/fC 23 21 241248
plgemd 02 02 1446
p(mmy 1662 1662 0123
‘Dataset(hkl)  -16,16;-10,10;-10,10  -16,16;-10,10;-10,10  -21,21;-17,17;-32,32
F0OO) 900 30400 27200
Crystal size (mm) 0.07x0.11x0.13 0.29x0.39x0.56 0.12x0.13x0.15
Temperature (K) 17315 17315 17315
‘Radiation[A] = Moka, MoKa, 071073 | MoKa, 071073
Theta min-max[°] 1.300/25.073 1.710/28.423 . 28423
Final Rindices [1>2.0(1)] ~ R,=00527 R,=0.0298 | R,=0.0473
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, WR,=01408 WR,=00812 WwR,=01265
Tot., uniq.data, R(int) 3976, 6451, 0.0456 13757, 2900, 0.0337 7474, 12422, 0.0802
NeepNewr  6472,619 2906,196 12444,705
s o964 1036 .00
Max. and av. Shift/error 0.000/0.000 0.000/0.000 0000/0.011
Min. and max. resd. dens  -0.442,0.511 -0317,0345  -0442,0511




1988.770 um

Figure S2. Photograph of uncut 4NFZ-[H;0*][ClO,7] co-crystal salt.
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Figure S3. An uncut crystal of NFZeH3;PO,.

Figure S4. An uncut crystal of NFZePA.
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Table S5. The geometric parameters for intermolecular interactions in 4NFZe[H3;0*][ClO4].

D-H---A D-H (A) H--A (R) D---A (A) D-H:---A (°) Symmetry operators
MOLECULE A
C8A-HBA--Cl17 0950 2912 3736 14579 Xy, 24l
C8A-H8A--020 | 0950 2566 3.455 155.91 xy,z4l
C9A-H9A-019 | 0950 2465 3107 12484
N11A-H11A--02C 0840 2203 2991 15635 A4x, -1,z
N14A-H14A--03B | 0829 2472 3211 14911 T
N14A-H15A--013D | 0841 2164 2995 16977
CMOLECULEB
' C7B-H7B--03C | 0950 2501 3426 16441 A4x, -1y,
 C8B-H8B--018 | 0950 2416 3331 16150 1%-y,-z
' N11B-H11B--02D | 0853 2118 2960 169.14 14y, 142
N14B-H14B--03C | 0877 2357 3190 15868 A4x, vy,
 N14B-H15B--O13A | 0828 2005 2915 17081
CMOLECULEC
CIC-H7C-03D 0950 2548 3458 160.48 1+x,y,-14z
C8C-H8C-021 0950 2479 3217 13453 2%, 1y,
N11C-H11C-02A | 0829 2412 3.063 135.92 Ax,-lvy,z
N11C-H11C-020 | 0829 2244 2982 14830 xy+,z
' N14C-H14C-02D 0919 2567 3.026 11145 14y, -4z
N14C-H14C-03D | 0919 2272 3167 16410 14x,y,-14z
' N14C-H14C-0138 | 0851 2000 2925 16667
CMOLECULED
C8D-H8D--Cl17 0950 2942 3697 137.36 1% 1-y,12
 C8D-H8D--019 | 0950 | 2618 3131 11424 1x 1y, 12
C8D-H8D--021 | 0950 2580 3509 16614 1x1y,12
' N11D-H11D--02B | 0877 2095 2958 167.98 Ax,y, 4l
N14D-H14D--03A | 0943 2131 3013 15527 1+, 4y,2
' N14D-H15D--013C | 0802 2224 3.024 17506
016-H16A--013A | 0900 1969 2772 14766
 016-H16B--013C | 0902 1591 2439 15505
016-H16C--013D | 0905 1613 2508 16933
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Table S6. The geometric parameters for intermolecular interactions in NFZeH3;PO,.

D-H--A d(D-H) (&) d(H--A)(A)  d(D--A)(A)  <D-H--A(°) Symmetry operators

C7-H7---020 0.950 2.592 3.503 160.90 1-x,1-y, 1-z
' C8H8--020 0950 2477 3360 15462 Ax,y, 42
' C9-H9--018 0950 2587 3520 16721 2%, 1y, 12
' N11-H11--013 0881 1983 2862 17591 2%, 1y,12
' N14—H15--019 0877 2305 3162 16547
' N14—H14--02 0840 2300 3029 14518 x-y, 1z
' 018—H18--013 0827 1687 2501 16779
' 019—H19--017 0826 1740 2566 178.85 2%,y,z
| 020—H20--017 0774 1797 2568 17496 A+x,y,z

Table S7. Hydrogen bonds in NFZePA.

D-H--A d(D-H) (&)  d(H--A) (A) d(D--A) (A) <D-H--A(°)  Symmetry operators

C8A-H8A---015D 0.950 2.507 3.451 172.63 -1+x,y, 2z
N11A-H11A--017A 0915 1867 2779 17442
O15A-H15A--013A 0959 1690 2641 17038
N14A-H14A--03C 0893 2227 2897 13144
N14A-H14B--0138 0864 2020 2883 17688
 C8B-H8B--015C 0950 2406 3393 17464 xy, 14z
' N11B-H11B--017B 0950  1.83% 2783 17396
N14B-H14C--03D 0891 2255 2014 13054  -l#xy, 14z
N14B-H14D--013A 0855 2062 2915 17529
 015B-H15B--0138 0948 1705 2643 16969
CICH7C--02A 0950 2516 3457 17072 1sy,z
| C8C-H8C--015B 0950 2450 3398 17499
N11C-H11C--017C 0941 1859 2798 17488
N14B-H14E--03A 0899 2250 2922 13120 1sy,z
' N14C-H14F--013D 0898 2000 2897 17616
C7D-H7D--028 0950 2531 3466 168.07 Xy, -4z
 C8D-H8D--O15A 0950 2461 3411 177.48  1ax,y, -4z
N11D-H11D--017D 0934 187 2790 17567
 N14D-H14G--013C 0893 2016 2908 17727
N14D-H14H--038 089 2205 2903 13460 Xy, -4z
 015D-H15D--013D 1002 1654 2645 16900

12



-62.0 kJ/mol (a-form) -60.9 ki/mol (B-form)

9

-46.5 kJ/mol (y-form) -54.8 kJ/mol (terminal amide-amide, NFZePA)

9

-69.3 kl/mol (vicinal amide-acid, NFZePA)

Figure S5. Interaction energies of fragments taken from the crystal structure and used without further
optimization. Calculations done at the DSD-PBEP86/def2—QZVPP level of theory, corrected for BSSE using the

counterpoise procedure.
5 ‘

-86.8 kJ/mol (vicinal amide-acid) -73.2 kJ/mol (terminal amide-acid)

Figure S6. Interaction energies of possible amide-PA synthons after geometry optimization. Calculations done
at the DSD-PBEP86/def2—QZVPP//PBE0O-D3(BJ)/def2—TZVP level of theory, corrected for BSSE using the
counterpoise procedure.
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Figure S7 Eight possible conformers arising from the sp and ap torsion combinations. Newly found conformer
of NFZ in NFZeH3PO, crystal is circled in red.
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sp-sp-ap ap-sp-ap*new
0.0 kJ/mol +6.0 kJ/mol
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+20.4 kJ/mol +21.8 ki/mol
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Figure S8. Relative conformational energies, calculated at the DSD—PBEP86/def2—QZVPP//PBEO-D3(BJ)/def2—
TZVP level of theory.
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Table S8. Torsion angles of NFZ in polymorphs a, f and y and in MCCs.

T T T3 conformer class

(05-C6-C9-H9) (H9-C9...N11-H11) (H11-N11..N14-H14)

a-polymorph* 177.46 -10.14 -1.32 ap-sp-sp
B-polymorph -3.07 -8.54 -162.67 sp-sp-ap
y-polymorph -0.71 3.29 174.22 sp-sp-ap
4NFZe[H;0%][CIO ]
molecule A 6.57 -0.92 -169.95 Sp-sp-ap
molecule B 2.15 2.54 171.58 Sp-sp-ap
molecule C 0.53 4.29 168.71 Sp-sp-ap
molecule D -1.20 -1.46 -174.73 Sp-sp-ap
NFZeH;PO, 176.04 5.47 168.72 ap-sp-ap
NFZePA
molecule A -1.96 0.36 174.03 Sp-sp-ap
molecule B -3.26 -5.99 -172.71 Sp-sp-ap
molecule C -3.08 -1.36 178.24 sp-sp-ap
molecule D 0.43 2.82 175.03 Sp-sp-ap

*structural data of o was retrieved from Mercury, hence the different atomic numbering.
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Table S9. Relevant torsion angles and their resulting conformation (continued to next pages).

Refcode Sp. Grp Fragment T, T T Class

BZALSCO1 P2,/c

[y
(9]
[y
[y
co
'
o
o
(e)]
N
N
N
o]

sp-sp-ap







PIWFUwol P2.2:2, 4 68.727 7808 -178.722  acsp-ap
_PIWFUwo1 P2,2:2, 5 53.717 2055 -176.522  acsp-ap
PIWFUwWo1 P22:2, 6 -176.508 14367 -177.636  ap-sp-ap
PIWFUwol P22:2, 7 -164.592 7808 -178.722  apsp-ap
PIWFUwWO1 P2,2.2, 8 -172.964 2055 -176.522  ap-sp-ap
_PIWFUwol P2,2.2, 9 -52.658 14367 -177.636  acsp-ap
TAKREC oY/ S 1 175352 1252 156.046  sp-sp-ap
TAKREC e 2 4172 1252 156.046  sp-sp-ap
_TAKRECO1 PL 1 -175305 5559 -15245  ap-sp-ap
_TAKRECOL PL 2 -178219 9865 55.036  ap-sp-ac
_TAKRECOL pL 3 3319 5559 -15245  spspap
_TAKRECOL PL 4 2.408 -9.865 55.036 sp-sp-ac
TAKRECO2 e 1 17678 7599 147.232  sp-sp-ac
_TAKRECO2 /. 2 284 7599 147232  sp-sp-ap
Tveou PL T -179.314 0077 -174.008  spsp-ap
Tveou L 2 177714 0988 179.364  sp-sp-ap
Tveou PL 3 061 0077 -174.008  spsp-ap
Tveou pPL 4 1588 0988 179364  sp-sp-ap
TuBQOW Puja 1 171214 348 3025 sp-sp-ap
~TuBQOW P2fa 2. 9409 348 3025 sp-sp-ac
TuBQue Pujc T 0034 15672 -6.667 sp-sp-ap
TueQuc Pufc 2 178169 15672 -6.667  apsp-sp
TUBRAL Puja 1 17064 0196 -21.094  spspsp
TUBRAL Puja 2 -163.247 0196 21094  apspsp
TUBREN P2./a 1 -19.183 -1.369 171.284 sp-sp-ap

TUBREN P2i/a 2 161.321 -1.369 171.284 ap-sp-ap

CUMAKE Puja 1 167294 9182 171851  sp-sp-ap
CUMAKE Puja 2 1022 9182 171851  sp-sp-ap
UWREZ P2, T 6815 5427 -179.892  scsp-ap
CUWREZ P2, 2 -38.889 5427 -179.892  acsp-ap
UWREZ P2 3 -165.133 5427 -179.892  ap-sp-ap
vitela. P2, T -154.655 3763 179.273  ap-sp-ap
vitela. P2, 2 79.28 3763 179.273  sp-sp-ap
vitela P2, 3 -36.123 3763 179.273  acsp-ap
VORKET 2 T 9662 11179 166.634  sp-sp-ap
VORKET Pujc 2 16788 11179 166.634  ap-sp-ap
VORKETOL 2 T 9.807 11536 -167.326  spsp-ap
_VORKETOL Pujc 2 -167.896 11536 -167.326  ap-sp-ap
CWERVEU Pu/a 1 177457 -1014 -161.818  ap-sp-ap
CWERVEU Puja 2 2758 -1014 -161.818  spsp-ap
 WERVEUOL P2, T 5348 858 1569 sp-sp-sp
 WERVEWOL P2, 2 -174361 858 1569  apsp-sp
 WERVEWO2 Pujc T 1062 1433 1715 sp-sp-sp
WERVEUO02 P2,/c 2 -178.363 1.433 -1.715 ap-sp-sp



~WIGPAF P T -173.108 2113 -149.444  sp-sp-ac
 WIGPAF PL 2. 3762 2113 -149.444  sp-sp-sc
CXAXxua P T 241 -4566 2412 sp-sp-ap
CXAXxua PL 2. -177.954 -4.566 2412 ap-spsp
xutvir. P2/jc T 2238 7128 7986 sp-sp-ap
Xutvir P2ufc 2 17718 7128 7986  ap-spsp
xutvoz PL 1 176836 -1509 14429  apsp-sp
xutvoz PL 2 3642 1509 14429 sp-sp-sp
CYAGFIX P2jc T 733 -1108 -151.271  sp-sp-ap
CYAGFIX P2ufc 2. -171.318 -1.108 -151.271  ap-sp-ap
_YAWAU P2/c 1 17736 -10513 9118  ap-spsp
_YAWAU P2/c . 2 -0.888 -10513 9.118 sp-sp-sp
YEFGIB P2jc 1 178206 067 -176.513  sp-sp-ap
_YEFGB P2/jc 2. -167.313 8543 172502 ap-sp-ap
YEFGIB P2/c 3 -5.149 067 -176.513  sp-sp-ap
_YEFGIB P2fc 4 15651 8.543 172.502 sp-sp-ap
_YEFGB P2/c 5 4926 -3.046 -174.28 sp-sp-ap
_YEFGIB P2jc 6 09 5258 17578 sp-sp-ap
_YEFGIB P2ufc 7 174036 -3.046 -17428  ap-sp-ap
YEFGB P2jc 8 -176.533 5258 17578  ap-sp-ap
_YEFGOH P2ufc r 231 7451 154868 sp-sp-ap
YEFGOH P2,jc 2. -179.966 7451 154.868  sp-sp-ap
JYIFTOX P2ufc i /a7 0628 -160.651  sp-sp-ap
CYIFTOX P2,jc 2. -6.993 0628 -160.651  sp-sp-ap
CYIEVOF P2/fc T -4018 1662 -166.483  sp-sp-ap
CYIEVOE P2ujc . 2 178319 1662 -166.483  ap-sp-ap
_yovnop P2u/a T 9.941 2714 42.537 sp-sp-ac
_yoynop P2q/a 2. -167.953 2714 42537  ap-sp-ac
_YOYNOPO1 P2/jc 1 10524 4262 -169.823  sp-sp-ap
_YOYNOPO1 P2,/c 2. -168.574 4262 -169.823  ap-sp-ap
SZAmMzul P2/n 1 178179 212 -170.134  ap-sp-ap
ZAMzUL P2/n 2. -1.215 212 -170.134  sp-sp-sp
ZINZH PL 1 178501 2646 169.21 sp-sp-sp
ZINZIH pl 2 -2.616 2.646 169.21 sp-sp-ap
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Powder X-ray diffraction of multicomponent crystals of NFZ

The PXRD pattern of the co-crystal salt was recorded and compared to the generated powder pattern
of 4NFZe[H;0*][ClO,] (green in Figure S9). The scarcity of the crystals and the poor crystallinity of the
material resulted in signal poor PXRD patterns. The generated pattern is representative of the bulk of
the solvent based crystallization (bulk pattern is blue in Figure S9). The generated pattern was also
compared to the pattern of the material obtained from a 45 minute long liquid assisted grinding (LAG)

to show that the 4NFZe¢[H;0%][ClO,7] co-crystal salt can be prepared using mechanochemical methods.

e 4NFZ[H30+][C104-] Generated
e 4NFZ+[H30+]|[C104-]

4NFZ+[H30+][Cl04-] LAG

1 1 2 2 4
5 0 5 0 20 5 30 35 0

Figure S9. PXRD patterns of the samples prepared with different methods of 4NFZe[H;0*][CIO,].

The PXRD patterns of the NFZeH;PO, solvate were much more intense and this made the comparison
easier. The bulk material was representative of the selected single crystal and also the 45 mins LAG
were successful to reproduce the multicomponent crystal. The LAG did not yield 100% product and
some remaining peaks from the starting materials can be seen on the pattern (Figure S10). The
crystallisation of NFZ with PA yielded very few crystals, thus the PXRD pattern of the bulk crystals are
signal poor. The generated pattern from the single crystal, the bulk and the 45 mins LAG of NFZePA

are represented as green, blue and red, respectively on Figure S11.
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e NFZoH3PO, Generated

s NFZoH3 PO 4

e NFZoH3 PO, LAG

5 10 15 20 25 30 35 40
20

Figure S10. PXRD patterns of the samples prepared with different methods of NFZeH;PO,

e NFZoPA Generated

we NFZoPA LAG

5 10 15 20 25 30 35 40

Figure S11. PXRD patterns of the samples prepared with different methods of NFZePA.
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Thermal analysis of multicomponent crystals of NFZ

Figure S12 shows the melting profile of 4ANFZe[H;0*][ClO,] crystals (green) with two thermal events
(Tonsers = 182.07°C and Tpeair = 188.65 °C; Tonserz =223.59°C and Tpearz = 237.74°C). The DSC curve of the
compound obtained with LAG (blue) has two similar thermal events (Tonsers = 174.80°C and Tpeain =
180.83°C; Tonserz =219.32°C and Tpeara = 236.99°C). The first endotherm may be related to the

desolvation of the co-crystal salt and the second endotherm is most likely related to the melting of

the NFZ. This

loss via a three-step transformation. The first mass loss step (calculated at 12.9 %) corresponds to the

theoretical value of 13.0 % that is related to the desolvation and losing the [H;0*][ClIO,] moieties. This

theory is supported well by the TGA results (Figure S13). The curve shows a gradual mass

is followed by a complex thermal decomposition.
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Figure S12. DSC curves of 4ANFZe[H;0*][CIO4°] bulk material and samples obtained from LAG.
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Figure S13. Thermal analysis curve showing steps of mass loss of 4ANFZe[H;0*][CIO,].
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Crystals of NFZeH;PO, were obtained from some of the performed experiments and their thermal
behaviour were recorded with DSC (Figure S14). Similar to the DSC of the 4NFZe[H;0*][ClO4] crystals,
two thermal events are observed (Tonset1 = 179.44°C and Tpeaks = 186.83°C; Tonserr =222.73°C and Tpeara =
241.7°C). The analysis of the material obtained via LAG shows similar behaviour to the bulk material
of NFZeH;PO, and support that the compound can also be synthesized via grinding (Tonsers = 179.97°C
and Tpeak1 = 187.78°C; Tonser2 = 232.21°C and Tpeaka = 244.28°C). The TGA result reveals a complex, multi-
step decomposition process (Figure S15). The rough estimate of the overall mass loss in the initial

phase is 32 % and this corresponds well to the loss of the H;PO, moiety.

The DSC and the TGA curves of NFZePA are shown on Figure S16. (These data were collected on a TA
instrument with a heating rate of 10 °C/min.) The DSC curve shows two thermal events, where the
first one (Tonset = 80.48 °C and Tpea = 87.22 °C) is related to the desolvation of the NFZePA crystals,
while the second endotherm (Tonset = 240.60 and Tpe, = 244.38) can be associated to the melting on
the NFZ. The TGA results support the desolvation process; the 26.21 % mass loss agrees well with the

loss of the PA moiety.

NFZeH,PO, ‘ ~ .
— T - == — }
Onset=179.44°C i ' —— '
Peak = 186.83 °C

» Area = -144.660 mJ

Delta H = -96.4402 J/g

Onset = 222.73 °C
Peak = 241.78 °C

Area = -322.928 mJ
Delta H = -215.2851 J/g
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‘3‘ 40

£ NFZeH,PO,LAG
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3 Onset=17097°C N {
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Delta H = -67.5530 Jig Area = -1253.108 mJ
Delta H = -596.7179 Jig

Temgersture (C.

Figure S14. DSC curve of NFZeH;PO, bulk material and NFZeH3;PO, LAG.
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Figure S15. Thermal analysis curve showing weight loss in NFZeH;PO, bulk material.
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Figure S16. DSC and DTA curves of NFZePA.

FTIR analysis of the multicomponent crystals of NFZ

FTIR spectroscopy was used in the comparison of the new crystal structures of NFZ. It is important to
note that three species are present in the 4NFZe[H;0*][ClIO,] crystal, each possessing unique
vibrational modes. Hydrogen bond as well as ionic interactions come into play as they intensify the
stiffness of the covalent bonds.! Moreover, the ionic species present (i.e. H;O0* and ClO,), have a
unique symmetry which also influences the overall vibrational frequencies. In this scenario, the
tetrahedral (T4) symmetry of CIO, gives a broad and strong peak at a frequency 1071 cm™* (Figure S17).
The trivial lowering is due to N11-H11--020 and C9-H9-:-019 intermolecular associations between
the anion and the NFZ. Literature also confirms that tetrahedral anions typically have two vibrational
modes, that is, symmetric stretching and bending, respectively. Some examples of Ty symmetry anions
with their respective stretching and bending vibrational frequencies are as follows: PO,* (1017 cm™,
567 cm™), CrO,* (890 cm, 378 cm?) and MnO, (902 cm™, 386 cm™). The 621 cm™ absorption
frequency may be attributed to CI-O asymmetric bending. The C=0 frequency has shifted to 1639

cm?, largely due to the inflexibility of the hydrogen bonded carbonyls.

The other interesting feature of the spectral peaks of 4NFZe[H;0*][CIO,] is the unusually expansive
band in the 3600-3100 cm™ range. This is probably due to the ionized water molecule. The spectral

bands of H,0 and H;0* can be difficult to discriminate as their characteristic band range falls in the
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same region. Notable differences are seen in the fingerprint region and at peaks 593 and 549 cm™.
The doublet in the starting material’s spectrum (blue) seems to have been overshadowed by the
broadened absorption band in the crystal spectrum (red). The peak at 3450 cm™is the N-H stretch of

the amine of NFZ and the same group’s bending vibrations are shown at 1500 and 1581 cm™.

1707
3133 1581 1500

1197 1019 4
3453 3120
3416
3331 10

1071 734 621
= NFZ starting material
——4NFZ+[H30*][C1047]
4000 3500 3000 2500 2300 1500 1000 500
cm-

Figure S17. FTIR spectra of NFZ and 4NFZe[H;0*][CIO4].

Vibrational modes of NFZeH;PO, are shown in Figure S18. The broad band in the range of 2700-2550
cmtis associated with a P(O)OH group of the phosphoric acid.? Literature reports that the broad band
in the range of 1100-950 cm™ is associated with aqueous phosphoric acid.? Since this is in aqueous
medium, cannot expect similar absorption band in the case of unprotonated acid in the NFZeH;PO,
crystal, but there is room left for anomalous behaviour; the intermolecular interactions may come
into play and reduce the vibrational modes by making the P-OH bonds stiffer, thereby affecting the
band accordingly. The two peaks at 3470 cm™and 3367 cm™ are the results of the N-H stretch of the

amine of NFZ and the same group’s bending vibrations are shown around 1566 cm™
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Figure S18. FTIR spectra of NFZ and NFZeH3PO,

The FTIR spectrum of NFZePA is shown on Figure $19. At 3443 cm™ a small peak represents the N-H
and O-H stretches of NFZ and PA, respectively. A neutral carboxyl group with its proton intact shows
a sharp C=0 stretching band at ca. 1700 cm™ and a relatively weak sigma bond stretch at
approximately 1200 cm? if it forms an O—H:**N hydrogen bond.# Unlike the example in literature,
propionic acid (PA) in the NFZePA solvate forms a hydrogen bond with the neutral NFZ tape via
O-H--+0, and the absorption band is observed at 1689 cm™. Hydrogen in the latter interaction is more
strongly held by the oxygen compared to the less electronegative nitrogen in the former interaction.
The O-H covalent bond of the O-H:*O becomes stiffer, thus increasing its infrared radiation

absorption. This accounts for the lower wavenumber of 1689 cm.
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Figure S19. FTIR spectra of NFZ and NFZePA.

Materials and methods

All materials were purchased from Sigma-Aldrich and were used without further purifications.

Preparation of Polymorphs of NFZ

Generally, about 2 ml of each solvent was measured using a syringe and added into the vial with NFZ.
The solutions were heated at 60°C and stirred for at least 20 minutes to allow the solid to dissolve.
Each vial was left to cool to room temperature and the solutions were filtered. The vials were sealed
using parafilm and holes were made on the film to allow the slow evaporation of the solvent. All vials
were left in a sunlight-free room and kept away from any possible disturbances of crystal growth such
as frequent agitations and movements. Some crystals were harvested after a week while others were
only collected a month.

Preparation of 4NFZ ¢ [H;0*] [CIO,] co-crystal salt

Ca. 0.01 g of NFZ was transferred into a vial. 3 ml of 60% HCIO, (aq) was added into the vial using a

glass pipette. The vial was heated and stirred for ca. 60 minutes at 60°C until it completely dissolved.
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The yellow solution slowly turned into a deeper colour with time. The vials were left on the bench to
cool to room temperature. The vials were filtered after cooling and sealed using parafilm. Holes were
made on the film to allow the slow evaporation of the solvent. All vials were left in a sunlight-free

room and left unhandled. Reddish brown crystals were harvested after 3 months.

Preparation of NFZeH;PO, solvate

Ca. 0.01 g of NFZ was transferred into a vial. 3 ml of 3.4% H;PO, (aq) was added into the vial using a
syringe. The vial was heated and stirred for ca. 60 minutes at 60°C to allow maximum dissolution. The
solution was left on the bench to cool and filtered afterwards. The vials were sealed using parafilm.
Holes were made on the film to allow the slow evaporation of the solvent. All vials were left in a
sunlight-free room and kept away from any possible disturbances of crystal growth such as frequent

agitations and movements. Dark brown crystals were harvested after ca. 4 months.

Preparation of NFZePA

Ca. 0.01 g of NFZ was transferred into a vial. About 3 ml of propionic acid was added into the vial using
a syringe. The vial was heated and stirred for ca. 60 minutes at 60°C to allow maximum dissolution.
The solution was left to cool and filtered afterwards. The vials were sealed using parafilm. Holes were
made on the film to allow the slow evaporation of the solvent. All vials were left in a sunlight-free
room. Crystals were harvested in about 5 months.

Crystal samples were characterized by various analytical techniques, such as single crystal and powder
X-ray diffraction (SCXRD and PXRD), differential scanning calorimetry (DSC), thermo-gravimetric
analysis (TGA), hot-stage microscopy (HSM) and Fourier Transform Infra-Red Spectroscopy (FTIR).

Single crystal X-ray diffraction (SCXRD)

A Bruker APEX Il DUO X-ray diffractometer using graphite monochromated Mo Ka (A = 0.71073 A)
radiation was used for data collections. The selected crystal was cooled using an Oxford Cryostream-
700 with liquid nitrogen at a flow rate of 20 ml mint. The X-rays were produced at 50 kV and 30 mA
using a Bruker K780 generator. The selected monocrystalline piece was mounted on a cryoloop and
covered with Paratone N oil to retain crystallinity. The stream of nitrogen gas was set at 20 ml min,
Cell refinement and data reduction were carried out using SAINT-Plus.> The X-ray diffraction data were
scaled for absorption effects by using SADABS.® The systematic absences found in the X-ray data were
studied and used to determine the point group through contrast with known space groups. The value
of IE? - 1| was also inspected specifically for characteristic centrosymmetric and non-centrosymmetric

point groups. The space groups were confirmed using XPREP.”
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The structure was solved by direct method using the SHELXS program of the SHELXTL package and
refined by full-matrix least-squares methods with SHELXL-2014

XPREP was also used to prepare SHELXS data input files which were subsequently used in structure
determination using X-Seed.® SHELXS and SHELXL-2014, from the SHELXTL package,® were used to
directly solve and refine all structures by using full-matrix least squares against F?> for unique
reflections, where F is the structure factor. Crystal assemblies, information and other figures were

generated using Mercury 3.9 software.1°

Powder X-ray diffraction (PXRD)

The Bruker AXS D2 Phaser X-ray Diffractometer was used for analyses. Samples were finely ground
and mounted onto a zero-background sample holder. A diffractogram was acquired under ambient
conditions at a power setting of 40 kV and 20 mA in reflection mode while the sample oscillated

perpendicular to the beam.

Differential Scanning Calorimetry (DSC)

The thermal behaviour of the obtained crystals was recorded with a Perkin ElImer DSC 6000. Crystals
taken from the mother liquor were dried with a filter paper and manually crushed. They were placed
into a vented aluminium sample pan. The sample sizes were between 2-5 mg and the temperature
range typically 25—-350°C was at a heating rate of 10-30°C min! depending on sample being analysed.
The samples were purged with a stream of nitrogen flowing at 20 ml min-1. Calibration was done using
Indium as the reference material. A supplementary DTA instrument was used to run one of the crystal
samples from an external laboratory. The sample size was between 2-5mg and the temperature range

was from 30-300°C.

Thermogravimetric analysis (TGA)

TGA was performed on a Pyris 6 thermogravimetric analyzer. Approximately 3 mg samples were added
to an alumina crucible per samples analysed. The samples were heated over a typical temperature
range of 30 to 400°C at a heating rate of 10°C min'. The samples were purged with a stream of flowing
nitrogen throughout the experiment at 20 ml min. The thermal analysis of NFZ:PA crystals was
performed on a TA Q500 instrument from 25 to 400 °C at a heating rate of 10 2C min! with a purge

gas of dry nitrogen flowing at 60 ml min? for comparison of the percentage mass loss with the
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expected compound. The crystals were dried on filter paper and placed in an open crucible for

thermogravimetric analysis.

Fourier Transform Infra-Red Spectroscopy (FT-IR)

FT-IR spectra were collected from pure samples of the crystals using a Perkin Elmer FT—IR
spectrometer UATR TWO equipped with a diamond crystal, operating in the range 350 - 4000 cm”’

with a resolution of 4 cm™ and four scans.

Optical microscopy

Optical microscopy analyses were carried out using a Carl Zeiss Discovery V8 Stereo Light Microscope

coupled with a digital camera. This enabled the size of the crystals to be determined and recorded.
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