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SI1. Solution crystallization experimental details
Table S1. Solvent and evaporation procedures for obtaining IPH II, III and V.

Solvent system (10 ml)
IPH Slow evaporation Fast evaporation Vapour difusion 

(polar/non-polar)
II acetonitrile - -

III - ethanol/ water (1:1) -

V acetone, butanol, ethanol, 
methanol, 1-propanol, water.

acetone/cyclohexane (1:1)
butanol/cyclohexane (1:1)
ethanol/cyclohexane (1:1)

ethyl acetate/cyclohexane (1:1)
methanol/cyclohexane (1:1)

acetone/diethyl ether (1:1)
butanol/diethyl ether (1:1)
ethanol/diethyl ether (1:1)

ethyl acetate/diethyl ether (1:1)
methanol/diethyl ether (1:1)

acetone/n-hexane (1:1)
butanol/n-hexane (1:1)
ethanol/n-hexane (1:1)

ethyl acetate/n-hexane (1:1)
methanol/n-hexane (1:1)

acetone/1-propanol (1:1)
butanol/1-propanol (1:1)

butanone/1-propanol (1:1)
ethanol/1-propanol (1:1)

ethyl acetate/1-propanol (1:1)
methanol/1-propanol (1:1)

acetone/toluene (1:1)
butanol/toluene (1:1)
ethanol/toluene (1:1)

ethyl acetate/toluene (1:1)
methanol/toluene (1:1)

acetone/tetrahydrofuran (1:1)
butanol/tetrahydrofuran (1:1)
ethanol/tetrahydrofuran (1:1)

ethyl acetate/ tetrahydrofuran (1:1)
methanol/ tetrahydrofuran (1:1)

chlorofrom/methanol (2:1)
cyclohexane/methanol (2:1)
diethyl ether/methanol (2:1)
1,4-dioxane/methanol (2:1)
ethyl acetate/methanol (2:1)

n-hexane/methanol (2:1)
tetrahydrofuran/methanol (2:1)

ethanol/ water (1:1) acetone/cyclohexane
ethanol/cyclohexane

methanol/cyclohexane

acetone/diethyl ether
ethanol/diethyl ether

methanol/diethyl ether

acetone/n-hexane
ethanol/n-hexane

methanol/n-hexane

acetone/tolune
ethanol/toluene

methanol/toluene



4

SI2. Representative DSC traces for IPH I – III 
IPH I

25 50 75 100 125 150 175 200

Heating Cooling

Figure S1: Representative DSC trace (exothermic is up) for numerous experiments for the melting and cool of IPH I. The 
top DSC trace (red) shows the melting endotherm of phase pure IPH I and the lower one (blue) the crystallization of this 
form from the melt on cooling.

IPH II
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Figure S2: Representative DSC trace (exothermic is up) of IPH II. The upper DSC trace (red) shows the inhomogeneous 
melting of IPH II (melting of II and simultaneous crystallization of I) followed by the melting endotherm of IPH I. 
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IPH III

25 75 125 175
Heating

Figure S3: Representative DSC trace (exothermic is up) of IPH III. The DSC trace shows a similar behaviour as IPH II but 
the onset of the inhomogeneous melting process is observed at 163 °C indicating a lower melting point.
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SI3. Powder X-ray diffraction patterns for forms IPH I – III and V 

IPH I

5 10 15 20 25 30 35 40
Experimental Calculated

Figure S4: Experimental PXRD pattern of IPH I, recorded at room temperature, and the PXRD pattern 
calculated from single crystal structure data of IPH I (at 173 K).

IPH II

5 10 15 20 25 30 35 40
Experimental Calculated

Figure S5: PXRD of IPH II compared to PXRD of single crystal structure determination of IPH II. The 
experimental pattern was calculated at room temperature and the calculated pattern at 173 K.
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IPH III
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Figure S6: PXRD of IPH III compared to PXRD of single crystal structure determination of IPH III. The 
experimental pattern was calculated at room temperature and the calculated pattern at 173 K.

IPH V
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Calculated

Figure S7: PXRD of IPH V compared to PXRD of single crystal structure determination of IPH V. The 
experimental pattern was calculated at room temperature and the calculated pattern at 173 K.
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SI4. FT-IR and Raman spectra of IPH I – III and V

FT-IR spectra of IPH I – III and V

Figure S8: FT-IR spectra of IPH I – III and V. A spectrum for IPH IV and VI is unavailable as result from the 
small quantities recovered.

Raman spectroscopy of IPH I – III and V

IPH I

Figure S9: Raman spectrum of IPH I.
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 IPH II

Figure S10: Raman spectrum of IPH II.

IPH III

Figure S11: Raman spectrum of IPH III.
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IPH V

 

Figure S12: Raman spectrum of IPH V.
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SI5. XPac Studies

All comparisons were carried out with the program XPac.1 Dissimilarity parameters were 

calculated in the previously described manner 2 (see ref. 3 for additional reference examples). 

Two sets of calculations were performed. The first set was based on geometrical parameters 

calculated from all 18 non-H atomic positions matching the IPH template structure, and the 

dissimilarity indices obtained from it will be denoted x18. For the second set of calculations, 

only a core molecular unit defined by the positions of eight atoms (C1, C6, O1, N1, N3, C8, 

C7, C9; see Scheme 1) was used to minimise the effect of variations in the rotation angles of 

aromatic rings about the C1C6 and C8C9 bonds (the dissimilarity indices from this 

analysis will be denoted x8).

List of abbreviations
SC supramolecular construct
n in the representative molecular cluster of a crystal structure, the number of the surrounding 

molecules which together with the central molecule define a particular SC 
t1, t2 basis vectors of an SC 
t1,2 angle formed between two base vectors of an SC
x8, x18 XPac dissimilarity parameters calculated obtained with different sets of geometrical 

parameters obtained from different sets of atomic positions (see above) 

Table S2. Overview of the identified SCs.
SC Description n Dimension Occurrences
X1 monolayer 8 2D IPH III, IPH V, AHE, PEH
X2 bilayer 12 2D IPH V, PEH
Y1 monolayer 8 2D IPH II (A), IPH IV 
D dimeric unit 1 0D IPH II (B), IPH VI

Table S3. Corresponding lattice parameters for SCs X1 and X2.

Structure IPH III IPH V AHE PEH
t1 100 6.354 Å 010 5.546 Å 010 5.784 Å 010 5.594 Å

t2 010 7.662 Å 001 8.319 Å 100 8.594 Å 100 8.224 Å

t1,2 90° 90° 90° 90°
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Table S4. Corresponding lattice parameters for SC Y1.
Structure IPH II IPH IV
t1 001 8.235 Å 001̅ 8.259 Å
t2 010 10.211 Å 001̅ 10.612 Å
t1,2 110.2° 109.6°

Table S5. XPac dissimilarity parameters x8 and x18 for the identified SCs.

Structure 1 Structure 2 Dim SC n x8 x18

AHE IPH III 2D X1 8 11.7 14.2
AHE IPH V 2D X1 8 3.0 5.0
AHE PEH 2D X1 8 3.3 3.8
IPH III IPH V 2D X1 8 10.7 13.6
IPH III PEH 2D X1 8 9.7 12.6
IPH V PEH 2D X2 12 1.1 2.2
IPH II IPH IV 2D Y1 8 8.7 15.0
IPH II IPH VI 0D D 1 5.8 8.2
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SI6. ORTEP diagrams and hydrogen bonding tables for IPH I – VI  

IPH I

Figure S13: The asymmetric unit of IPH I depicting the numbering scheme of 50% displacement ellipsoids. 

IPH II

Figure S14: The asymmetric unit of IPH II depicting the numbering scheme of 50% displacement ellipsoids. 
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IPH III

Figure S15: The asymmetric unit of IPH III depicting the numbering scheme of 50% displacement ellipsoids. 

IPH IV

Figure S16: The asymmetric unit of IPH IV depicting the numbering scheme of 50% displacement ellipsoids. 

IPH V

Figure S17: The asymmetric unit of IPH V depicting the numbering scheme of 50% displacement ellipsoids. 
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IPH VI

Figure S18: The asymmetric unit of IPH VI depicting the numbering scheme of 50% displacement ellipsoids. 

H-bond tables for IPH I – VI

Table S5. H-bonds for IPH I

____________________________________________________________________________

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

____________________________________________________________________________

 N(1B)-H(1B)...O(1A)#1 0.90(3) 2.04(3) 2.934(3) 169(3)

 N(1C)-H(1C)...O(1D)#2 1.00(3) 1.96(3) 2.937(3) 165(3)

 N(1D)-H(1D)...O(1C)#3 0.89(3) 2.03(3) 2.903(3) 166(3)

N(1A)-H(1A)…O(1B)#4           0.94(3)                 2.00(3)                2.926(3)                 170(2) 

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 -x+2,-y,-z+1    #2 x,y+1,z    #3 x,y-1,z  #4 –x+2, y, -z+1

Table S6. H-bonds for IPH II

____________________________________________________________________________

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

____________________________________________________________________________

 N(1A)-H(1A)...O(1A)#1 0.911(18) 2.068(18) 2.9748(14) 173.3(15)

 N(1B)-H(1B)...N(2B)#2 0.866(18) 2.245(18) 3.0930(15) 166.4(15)

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 x,-y+1/2,z-1/2    #2 -x+2,-y,-z+2 
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Table S7. H-bonds for IPH III

____________________________________________________________________________

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

____________________________________________________________________________

 N(1)-H(1)...O(1)#1 0.89(2) 2.04(2) 2.911(2) 168(2)

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 -x+3/2,y+1/2,z 

Table S8. H-bonds for IPH IV 

____________________________________________________________________________

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

____________________________________________________________________________

 N(1)-H(1)...O(1)#1 0.89(3) 2.17(4) 3.032(3) 162(3)

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 x,-y+1/2,z+1/2 

Table S9. H-bonds for IPH V

________________________________________________________________________

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

____________________________________________________________________________

 N(1)-H(1)...O(1)#1 0.90(3) 1.95(3) 2.845(2) 176(2)

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 x,-y+1/2,z+1/2

Table S10. H-bonds for IPH VI

____________________________________________________________________________

D-H...A d(D-H) d(H...A) d(D...A) <(DHA)

____________________________________________________________________________

 N(1)-H(1)...O(1)#1 0.94(3) 1.95(3) 2.887(3) 175(3)

____________________________________________________________________________

Symmetry transformations used to generate equivalent atoms: 

#1 x,-y+1/2,z+1/2 
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SI7. CIF check reports for IPH I – VI
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IPH II
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IPH III
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IPH IV
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IPH V
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IPH VI



35



36



37



38

References

1. T. Gelbrich and M. B. Hursthouse, CrystEngComm, 2005, 7, 324-336.
2. T. Gelbrich, T. L. Threlfall and M. B. Hursthouse, CrystEngComm, 2012, 14, 5454-

5464.
3. T. Gelbrich, T. L. Threlfall and M. B. Hursthouse, Acta Crystallogr., Sect. C: Cryst. 

Struct. Commun., 2012, 68, o421-o426. 


