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PXRD patterns 

 
Figure S1. XRD patterns from the single crystal collected data at 100 K and powder XRD 

pattern at 298 K of HACA. 

 
Figure S2. XRD patterns from the single crystal collected data at 100 K and powder XRD 

pattern at 298 K of HACA·2H2O. 
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Figure S3. XRD patterns from the single crystal collected data at 100 K and powder XRD 

pattern at 298 K of cocrystal (HACA)2(1,2-bpe) (1). 

 
Figure S4. XRD patterns from the single crystal collected data at 100 K and powder XRD 

pattern at 298 K of cocrystal (HACA)2(4,4’-azpy) (2). 
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Figure S5. XRD patterns from the single crystal collected data at 100 K and powder XRD 

pattern at 298 K of cocrystal (HACA)2(4,4’-bipy)3 (3). 

FTIR-ATR, 1H, 13C{1H} and DEPT-135 NMR spectroscopies 

 

Figure S6. FTIR-ATR spectrum of HACA. 
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Figure S7. FTIR-ATR spectrum of HACA·2H2O. 

 

Figure S8. FTIR-ATR spectrum of cocrystal (HACA)2(1,2-bpe) (1). 



S6 
 

 

Figure S9. FTIR-ATR spectrum of cocrystal (HACA)2(4,4’-azpy) (2). 

 

Figure S10. FTIR-ATR spectrum of cocrystal (HACA)2(4,4’-bipy)3 (3). 
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Figure S11. 1H NMR spectrum of cocrystal (HACA)2(1,2-bpe) (1) in CD3OD. 

 
Figure S12. 1H NMR spectrum of cocrystal (HACA)2(4,4’-azpy) (2) in CD3OD. 
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Figure S13. 1H NMR spectrum of cocrystal (HACA)2(4,4’-bipy)3 (3) in CD3OD. 
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Figure S14. (a) 13C{1H} and (b) DEPT-135 NMR spectra of cocrystal (HACA)2(1,2-bpe) 

(1) in CD3OD. 
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Figure S15. (a) 13C{1H} and (b) DEPT-135 NMR spectra of cocrystal (HACA)2(4,4’-

azpy) (2) in CD3OD. 
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Figure S16. (a) 13C{1H} and (b) DEPT-135 NMR spectra of cocrystal (HACA)2(4,4’-

bipy)3 (3) in CD3OD. 
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Structural descriptions and Hirshfeld Surface Analysis 

 
Figure S17. (a) Hirshfeld surfaces of HACA crystal structure mapped with dnorm 

representation. (b) 2D fingerprint plots of HACA crystal structure. 
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Figure S18. (a) Hirshfeld surfaces of HACA dihydrate crystal structure mapped with (a) 

dnorm and (b) curvedness representations. (c) 2D fingerprint plots of HACA single crystal. 

(d and e) Hirshfeld surfaces mapped with dnorm representation and 2D fingerprint plots of 

the water molecules of HACA dihydrate structure. 
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Figure S19. Hirshfeld surfaces of HACA in cocrystal 1 mapped with (a) dnorm and (b) curvedness representations. (c) 2D fingerprint plots of HACA 

in cocrystal 1. (d) Hirshfeld surface of 1,2-bpe in cocrystal 1 mapped with dnorm representation. (e) 2D fingerprint plots of 1,2-bpe in cocrystal 1. 

N(1)-H(1)···O(3)

C(11)-H(11C)···O(3)

C(5)-H(5)···O(3)

Cg(1)···H(13)-C(13)

O(3)···H(7)-C(7) O(3)···H(1N)-N(1)

O(3)···H(11C)-

C(11)

O(3)···H(5)-N(5)

O(2)-H(2)···N(1)

C(7)-H(7)···O(3)

Cg(1)···H(13)-C(13)

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4

O···H

18.0 %

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

2.6 2.8

H···O

12.2 %

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

H···O

12.2 %

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

H···N

3.9 %
C···H
16.0 %

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8
0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

H···C
12.5 %

a) b)

c)

O(2)-H(2)···N(2)

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

N···H
11.6 %

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8

H···O
8.6 %

N(2)···H(2)-O(2)

C(13)-H(13)···Cg(1) C(17)-H(17)···O(1)

d) e)



S15 
 

 

Figure S20. Hirshfeld surfaces of HACA in cocrystal 2 mapped with (a) dnorm and (b) curvedness representations. (c) 2D fingerprint plots of HACA 

in cocrystal 2. Hirshfeld surface of 4,4’-azpy in cocrystal 2 mapped with (d) dnorm and (e) curvedness representations. (f) 2D fingerprint plots of 

4,4’-azpy in cocrystal 2.  
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Figure S21. Representation of the angles between the HACA (green plane) and the dPy 

molecules (orange plane) in cocrystals (a) 1 (84.83º) and (b) 2 (22.11º). 

 
Figure S22. Hirshfeld surfaces of HACA in cocrystal 3 mapped with (a) dnorm and (b) 

curvedness representations. (c) 2D fingerprint plots of HACA in cocrystal 3. Hirshfeld 

surface of 4,4’-bipy in cocrystal 3 mapped with (d and g) dnorm and (e and h) curvedness 

representations. (f and i) 2D fingerprint plots of 4,4’-bipy in cocrystal 3.  
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Synthon competitivity between acid and amide groups in bipyridine based cocrystals 

Table S1. CSD results of the cocrystal structures containing acid and amide groups with bipyridine-based coformers. 

CSD code Carboxylic Acid Bipyridine-based coformer Synthon outcomea Ref. 

Cocrystal 1  

 

 

Types I and VI This work 

1,2-bis(4-pyridyl)ethylene 

Cocrystal 2  

 

Types I and VI This work 

4,4’-azopyridine 

Cocrystal 3  
 

Types I and VII This work 

α-acetamidocinnamic acid 4,4’-bipyridine 

CAZYUB 

 

 Types I and VI [1] 

4,4’-bipyridine 

CEBBUK 
 

Types I and VI [1] 

N-Acetylglutamic acid 1,2-bis(4-pyridyl)ethylene 

a Synthon outcome types are specified in figure 7b of the manuscript. 
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Table S1. Cont. 

CSD code Carboxylic Acid Bipyridine-based coformer Synthon outcomea Ref. 

CEBBIY 

 

 

Types I, III, IV, V and 

VI 
[1] 

N-Acetylasparagine 4,4’-bipyridine 

CEBBOE 

 

 
Types I, VII, and VIII [1] 

4,4’-bipyridine 

CEBDAS 

 
Types I and VII [1] 

N-Acetylaspartic acid 1,2-bis(4-pyridyl)ethylene 

CEBCIZ 

 

 
Types I and IX [1] 

4,4’-azopyridine 

HEDPIT  Types I and IX [2] 

4,4’-bipyridine 

LEKQIF 
 

Types I and IX [3] 

N-Acetylalanine 1,2-bis(4-pyridyl)ethane 
a Synthon outcome types are specified in figure 7b of the manuscript. 
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Table S1. Cont. 

CSD code Carboxylic Acid 
Bipyridine-based 

coformer 
Synthon outcomea Ref. 

JADBAU 

 

 
Types I and IX 

 
[4] 

1,4-phenylenebis(carbonylimino))bis(3-

phenylpropanoic acid) 
4,4’-bipyridine 

ROQYED 

 

 
Types I and II [5] 

Succinamic acid 4,4’-bipyridine 
a Synthon outcome types are specified in figure 7b of the manuscript. 
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Figure S23. Main α and β values of the cocrystal formers containing and acid and an 

amide group within the same molecule found on the literature: (a) α-acetamidocinnamic 

acid, (b) N-acetylglutamic acid, (c) N-acetylasparagine, (d) N-acetylaspartic acid, (e) N-

acetylalanine, (f) 1,4-phenylenebis(carbonylimino))bis(3-phenylpropanoic acid), and (g) 

succinamic acid. 

 
Figure S24. β values of the bipyridine coformers from the cocrystals containing and acid 

and an amide group within the same molecule found on the literature: (a) 1,2-bis(4-

pyridyl)ethylene, (b) 4,4’-azopyridine, (c) 4,4’-bipyridine, and (d) 1,2-bis(4-

pyridyl)ethane. 

78

47

16

-16

-47

-78

3.5

2.6

2.3

2.0

8.5*

2.8

2.5

6.6

78

47

16

-16

-47

-78

ESP

(KJ/mol)

3.5

7.4

2.7

2.2

78

47

16

-16

-47

-78

ESP

(KJ/mol)
2.9

7.1

2.8

2.4

2.2

5.3

b) c) c)

78

47

16

-16

-47

-78

ESP

(KJ/mol)

3.4

7.8
3.3

2.7

d)

78

47

16

-16

-47

-78

ESP

(KJ/mol)

3.5

e)

2.0

7.5

2.9

1.6

5.1

3.6

1.6

1.4

4.9

2.5

6.3

2.8

2.2

2.2

1.5

f)

78

47

16

-16

-47

-78

ESP

(KJ/mol)

3.0

2.8

6.7

4.1

2.8

2.3

g)

2.8

2.6

8.3

2.7

78

47

16

-16

-47

-78

ESP

(KJ/mol)a)

ESP

(KJ/mol)

78

47

-47

-78

ESP

(KJ/mol)

16

-16

78

47

-47

-78

ESP

(KJ/mol)d)

6.1

6.1

16

-16

78

47

-47

-78

ESP

(KJ/mol)

16

-16

5.9 5.9
5.3 5.3

a) b)

0.7

0.7

78

47

-47

-78

ESP

(KJ/mol)

16

-16
5.6

5.6

c)



S21 
 

Thermal properties 

 
Figure S25. Simultaneous TG/DTA plots of HACA·2H2O. 

 
Figure S26. Simultaneous TG/DTA plots of cocrystal 1. 

Proyecto:

Identidad:

Fecha/Tiempo:

Laboratorio:

Operador:

Muestra:

DEC-110 01

15/01/2024 7:54:45

FACULTAD DE GEOLOGICA

Mercedes

DEC-110 01, 78,800 mg

Material:

Fichero de Corrección:

Temp.Cal./Fichero.Sens:

Rango:

Muestra Car./TC:

Modo/Tipo de Medid.:

Tcalzero.tcx / Senszero.exx

25/5.0(K/min)/350

other DTA(/TG) / S

DTA-TG / Muestra

Segmentos:

Crisol:

Atmósfera:

TG Corr./M.Rango:

DSC Corr./M.Rango:

1/1

DTA/TG crucible Al2O3

nitrogen/80 / ---/--- / ---/---

000/500 mg

000/500 µV

Instrument: NETZSCH STA 409 C/CD File: C:\ngbwin\ta\data5\EXTERN TERESA\Fina Pons\DEC-110 01.sss

Administrador    2024-01-15 10:21    Main

50.0 100.0 150.0 200.0 250.0 300.0
Temperatura /°C

-0.5

-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

DTA /(uV/mg)

55.00

60.00

65.00

70.00

75.00

80.00

85.00

90.00

95.00

100.00

TG /%

[1][1]

 exo

100.00

95.00

90.00

85.00

80.00

75.00

70.00

65.00

60.00

55.00

50.0 100.0 150.0 200.0 250.0 300.0

TG /%
DTA /(uV/mg)

↓ ex

TG

DTA

63.1 C

184.5 C

193.3 C

97.6 C

Temperature /ºC

0

-0.1

-0.2

-0.3

-0.4

-0.5

-0.6

-0.7

Proyecto:

Identidad:

Fecha/Tiempo:

Laboratorio:

Operador:

Muestra:

DEC-106 01

05/05/2023 7:54:07

FACULTAD DE GEOLOGICA

Mercedes

DEC-106 01, 41,900 mg

Material:

Fichero de Corrección:

Temp.Cal./Fichero.Sens:

Rango:

Muestra Car./TC:

Modo/Tipo de Medid.:

Tcalzero.tcx / Senszero.exx

25/5.0(K/min)/350

other DTA(/TG) / S

DTA-TG / Muestra

Segmentos:

Crisol:

Atmósfera:

TG Corr./M.Rango:

DSC Corr./M.Rango:

1/1

DTA/TG crucible Al2O3

nitrogen/80 / ---/--- / ---/---

000/500 mg

000/500 µV

Instrument: NETZSCH STA 409 C/CD File: C:\ngbwin\ta\data5\EXTERN TERESA\Fina Pons\DEC-106 01.sss

Administrador    2023-05-05 11:06    Main

50.0 100.0 150.0 200.0 250.0 300.0
Temperatura /°C

-0.7

-0.6

-0.5

-0.4

-0.3

-0.2

-0.1

0

DTA /(uV/mg)

50.00

60.00

70.00

80.00

90.00

100.00

TG /% [1] DEC-106 01.sss 
TG

DTA

[1][1]

 exo

187.8C

195.9C

100.00

90.00

80.00

70.00

60.00

50.00

TG /%

50.0 100.0 150.0 200.0 250.0 300.0

Temperature / ºC

DTA /(uV/mg)

↓ ex

TG

DTA



S22 
 

 
Figure S27. Simultaneous TG/DTA plots of cocrystal 2. 

 
Figure S28. Simultaneous TG/DTA plots of cocrystal 3. 
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Table S2. Melting point values of the utilized components and the resulting crystalline 

forms of this work. 

Component Melting Point (ºC)a 

1,2-bpe 149-150 

4,4’-azpy 106-107 

4,4’-bipy 112-113 

HACA 189-190 

HACA·2H2O 189-190 

Cocrystal 1 194-195 

Cocrystal 2 180-181 

Cocrystal 3 169-170 
aAll the melting points have been determined using the same apparatus detailed in the 

experimental section of the manuscript. 

Table S3. Contribution and lattice energies of the crystal structures of HACA, 

HACA·2H2O and cocrystals 1-3. All the values have been obtained using CrystalExplorer 

17.5 from the corresponding .cif files.a 

Structure Molecule Eele
b Epol

c Edis
d Erep

e Etot
f Elatt

g 

HACA -287.8 -58.5 -217.1 229.8 -333.6 -166.8 

HACA·2H2O 

HACA -312.7 -59.6 -224.1 249.4 -347.0 

-234.8 H2O
h -197.4 -32.3 -27.4 135.5 -121.6 

H2O
h -200.7 -31.0 -30.9 138.9 -123.7 

Cocrystal 1 
HACA -249.7 -48.4 -215.1 221.1 -292.1 

-275.7 
1,2-bpe -215.6 -37.3 -203.8 197.4 -259.3 

Cocrystal 2 
HACA -242.7 -46.8 -231.7 204.6 -316.6 

-288.1 
4,4’-azpy -212.7 -38.5 -218.8 210.4 -259.6 

Cocrystal 3 

HACA -240.4 -46.9 -225.2 212.5 -300.3 

-258.1 4,4’-bipyh -148.2 -25.3 -190.9 142.8 -221.6 

4,4’-bipyh -140.2 -25.0 -191.6 146.7 -210.1 
aAll the energies are given in KJ/mol; bEele = electrostatic energy; cEpol = electrostatic 

energy; cEdis = dispersion energy; dErep = repulsion energy; eEtot = total energy; fElatt = 

lattice energy. hRows with repeated components in each specific compound stands for 

different types of this molecule within the crystal structure. 
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Figure S29. Relationship between the molecular pair radius and the associated interaction 

energies with the assigned energy threshold marked for (a) HACA, (b) HACA·2H2O, and 

cocrystals (c) 1, (d) 2, and (e) 3. 

a) b)

c) d) e)
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Figure S30. Energy frameworks (Eele, Edis, Etot) for (a) HACA, (b) HACA·2H2O, and 

cocrystals (c) 1, (d) 2, and (e) 3. All the diagrams use the same energy cylinder scale 

factor of 120 and an energy cut-off of -20 KJ/mol within a 3×2×3 (HACA), 2×2×2 

(HACA·2H2O and cocrystals 1 and 2), 2×3×2 (cocrystal 3). 
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Photophysical properties 

Table S4. Detailed parameters extracted from the photophysical properties of HACA, 

HACA·2H2O, and cocrystals 1-3. 

Compound λmax-Abs (nm) λexc (nm) Main λmax-em (nm) Stokes shift (cm-1) 

HACA 246, 294, 390 

250 420  16190 

HACA·2H2O 252, 324, 400 

Cocrystal 1 252, 322 

Cocrystal 2 259, 314, 390, 492 

Cocrystal 3 286 

 

 
Figure S31. Comparison of the solid-state UV-Vis spectra of: (a) HACA and 

HACA·2H2O, and (b-d) cocrystal 1-3 and its pure components. 

a) b)

c) d)
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Figure S32. CIE 1931 chromaticity diagram of HACA, HACA·2H2O, and cocrystals 1-

3. Color coordinates (x,y): HACA (0.1567, 0.0192), HACA·2H2O (0.1564, 0.0196), 

cocrystal 1 (0.1573, 0.0186), cocrystal 2 (0.1562, 0.0197), and cocrystal 3 (0.1569, 

0.0190). 

 
Figure S33. Normalized absorption and emission spectra of (a) HACA, (b) HACA·2H2O, 

and cocrystals (c-e) 1-3 with their calculated overlapped areas. 
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