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S1. Electrostatic Potential Calculations for Acceptor Molecules 

The theoretical electrostatic potential calculations for all of the acceptor molecules were performed 

using Density Functional Theory (DFT) at the 6-31++G** basis set. The results for all twenty acceptor 

molecules are shown in the table below. 

Table S1 Electrostatic Potential Calculations for Acceptor Molecules 

Acceptor Structure Electrostatic Potential (kJ/mol) 

1 

 

py = -146.0 CN = -172.3 

2 

 

py = -147.6 CN = -164.0 

3 

 

py = -217.4  

4 

 

py = -177.8  

5 

 

py = -228.4  

6 

 

py = -148.3  

7 

 

py = -148.0  

8 

 

py = -168.1  

9 

 

py = -172.8  
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10 

 

py = -206.4  

11 

 

py = -188.0  

12 

 

py = -176.8  

13 

 

py = -163.3  

14 

 

py = -182.7  

15 

 

N-O = -184.0 py = -174.6 

16 

 

N-O = -164.9 py = -148.1 

17 

 

N-O = -178.4 py = -155.8 

18 

 

im = -214.3 py = -179.6 

19 

 

im = -198.6 py = -177.9 
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20 

 

im = -206.6 py = -181.4 

 

S2. Melting Point Information 

Melting point data was recorded on a Gallenkamp melting point apparatus, and results were non-

corrected. 

Table S2 Melting point (MP) data for co-crystals and their donors and acceptors 

D--A 
Donor 

MP (°C) 
Acceptor 
MP (°C) 

Co-crystal 
MP (°C) 

Co-crystal MP 
Between/Outside 

IF4-COOH—2 151 70 125-129 between 

IF4-COOH—4 151 64 102-104 between 

IF4-COOH—12 151 102 dec. 165-170 above 

IF4-COOH—13 151 77 dec. 138-141 between 

IF4-COOH—16 151 110 111-115 between 

BrF4-COOH—11 142 98 137-139 between 

I-COOH—11 215 98 190-192 between 

I-COOH—12 215 102 179-182 between 

Br-COOH—2 234 70 210-221 between 

Br-COOH—3 234 105 151-153 between 

Br-COOH—5 234 38 159-162 between 

Br-COOH—12 234 102 dec. 159-164 between 

Br-COOH—11 234 98 140-142 between 

IF4-OX—3 174 105 dec. 90-94 below 

IF4-OX—11 174 98 135-142 between 

IF4-OX—13 174 77 133-135 between 

BrF4-OX—14 177 152 141-145 below 

Br-OX—5 96 38 108-112 above 

IF4-OH—2 44 70 dec. 97-98 above 

IF4-OH—16 44 110 dec. 102-106 between 

BrF4-OH—2 40 70 dec. 100-103 above 

BrF4-OH—11 40 98 125-130 above 

BrF4-OH—12 40 102 118-119 above 
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BrF4-OH—13 40 77 dec. 119-121 above 

 

 

Figure S1 Melting point data shown graphically. It is noticeable that the melting point of most co-

crystals falls between its donor and acceptor’s melting points, but the melting point of the phenolic-ligand 

co-crystal are significantly higher than their components. 

 

Figure S2 Melting point data for phenolic-donor ligand co-crystals. 
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S3. Crystallographic Information 

Samples were analyzed with either a Bruker Kappa APEX II system using CuK radiation (BrF4-

OX--14, BrF4-OH--11) or a Bruker APEX II system using MoK radiation (all others). Data collection 

was carried out using APEX2 software.
i
 Initial cell constants were found by small widely separated 

“matrix” runs. Data collection strategies were determined using COSMO.
ii
 Scan speed and scan widths 

were chosen based on scattering power and peak rocking curves. All datasets were collected at -153°C 

using an Oxford Croystream low-temperature device. 

Unit cell constants and orientation matrix were improved by least-squares refinement of reflections 

thresholded from the entire dataset. Integration was performed with SAINT,
iii
 using this improved unit 

cell as a starting point. Precise unit cell constants were calculated in SAINT from the final merged 

dataset. Lorenz and polarization corrections were applied. Multi-scan absorption corrections were 

performed with TWINABS
iv
 for the two non-merohedral twins in this set (I-COOH--11and Br-COOH--

12), and SADABS
v 
for the remainder. 

Data were reduced with SHELXTL.
vi
 The structures were solved in all cases by direct methods without 

incident. Except as noted below, hydrogen atoms were located in idealized positions and were treated 

with a riding model. All non-hydrogen atoms were assigned anisotropic thermal parameters. Refinements 

continued to convergence, using the recommended weighting schemes. 

IF4-OX--3 The asymmetric unit contains two oxime / amine pairs, which were grouped into two 

RESIdues. 

Br-OX--5 The asymmetric unit contains a single oxime / amine pair. The pyrrolidine moiety was 

disordered at the ethylene bridge, with the population of the two PARTs being set by a free variable. 

Thermal parameters of the disordered fragment were pairwise constrained with EADP commands. 

Coordinates of the oxime hydrogen H17 were allowed to refine. 

Br-COOH--5 The asymmetric unit contains two carboxylic acids and a single amine. The pyrrolidine 

moiety was disordered at the ethylene bridge, with the population of the two PARTs being set by a free 

variable. DFIX commands were used to idealize the geometry of the disordered ethylene bridge, and 

thermal parameters of the disordered fragment were pairwise constrained with EADP commands. Proton 

transfer from a carboxylic acid to the amine was clearly observed. Coordinates for the remaining 

carboxylic acid proton and the ammonium proton were allowed to refine. 

Br-COOH--3 The asymmetric unit contains a single carboxylic acid / amine pair. Proton transfer from 

carboxylic acid to amine was clearly observed. Coordinates of the ammonium proton were allowed to 

refine. 

IF4-COOH--4 The asymmetric unit contains a single carboxylic acid and two amines. The iodo acid was 

disordered in a head-to-tail fashion, with the population of the two PARTs being set by a free variable. A 
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SAME command was used to restrain the geometries of the two independent iodo acids. The structure is 

nearly centrosymmetric, with the amines and the two acid PARTs nearly related by inversion centers. 

However, the ratio of iodo acids was significantly different from 50:50, with the final refined FVAR = 

0.464(1). Only the iodo atoms could be refined anisotropically. Attempts to assign anisotropic thermal 

variables to the remaining atoms were unsuccessful: the refinement became unstable and the fit did not 

improve. The data were handled as a eacemic twin.  

I-COOH--12 The asymmetric unit contains a single carboxylic acid / amine pair. The iodo acid and 

diamine were both disordered in a head-to-tail fashion. A SAME command was used to restrain the 

geometries of the two halves of the diamine. Thermal parameters for the two halves of the disordered 

diamine were pairwise constrained with EADP commands. The ratio of both species was eventually 

constrained to 50:50 since neither refined to a value significantly different from this ratio. 

I-COOH--11 The crystal was a non-merohedral twin, and the data were processed with TWINABS. 

The asymmetric unit contains a single iodo acid / diamine pair. The iodo acid was disordered in a head-to-

tail fashion, with the population of the two PARTs being set by a free variable. A SAME command was 

used to restrain the geometries of the two independent iodo acids. The structure is nearly 

centrosymmetric, with the diamine and the two diacid PARTs nearly related by inversion centers. 

However, the ratio of iodo acids was significantly different from 50:50, with the final refined FVAR = 

0.623(4). Thermal parameters for both the diamine and iodo acid were pairwise constrained with EADP 

commands. 

BrF4-OH--13 The asymmetric unit contains a single phenol / amine pair. Coordinates for the phenol 

hydrogen were allowed to refine. 

BrF4-COOH--11  The asymmetric unit contains a single bromo acid / diamine pair. The bromo acid 

was disordered in a head-to-tail fashion, with the population of the two PARTs being set by a free 

variable. A SAME command was used to restrain the geometries of the two independent bromo acids 

Both the diamine and the bromo acid pair sit on pseudo inversion centers at ( 1 ¼ ¼ ) and ( -½ ¼ ¾ ) 

respectively. However, the ratio of bromo acids was substantially different from 50:50, and significantly 

different from 100:0, with the final refined FVAR = 0.9464(7). Thermal parameters of the disordered 

bromo acid were constrained pairwise with EADP commands between atoms in close proximity. Proton 

transfer from carboxylic acid to amine was clearly observed. Coordinates for the ammonium proton were 

allowed to refine. 

IF4-OX--13 The asymmetric unit contains a single iodo oxime / diamine pair. Coordinates for the 

oxime hydrogen were allowed to refine. 

IF4-OX--11 The asymmetric unit contains a single oxime / diamine pair. Coordinates for the oxime 

hydrogen were allowed to refine. 
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IF4-COOH--13 The asymmetric unit contains a single iodo acid / diamine pair. 

IF4-COOH--12 The asymmetric unit contains a single iodo acid / diamine pair. Proton transfer from 

carboxylic acid to amine was clearly observed. Coordinates for the ammonium hydrogen were allowed to 

refine. 

Br-COOH--14 The asymmetric unit contains a single bromo acid and a half-diamine. The diamine 

straddles an inversion center. Coordinates for the carboxylic acid hydrogen were allowed to refine. 

Br-COOH--12 The crystal was a non-merohedral twin, and the data were processed with TWINABS. 

The asymmetric unit contains three bromo acid / half-diamine pairs, which were grouped into three 

RESIdues. One of the three unique half-diamines is related to a symmetry equivalent by an inversion 

center; the other diamine sits on a general position. 

BrF4-OX--14 The asymmetric unit contains two oxime / half-diamine pairs. Both unique diamines 

straddle crystallographic inversion centers. Coordinates for the two oxime hydrogens were allowed to 

refine. 

BrF4-OH--12 The asymmetric unit contains a single phenol / half-diamine pair. The diamine straddles a 

crystallographic inversion center. Coordinates for the phenol hydrogen were allowed to refine. 

BrF4-OH--11 The asymmetric unit contains a single phenol / half-diamine pair. The diamine straddles a 

crystallographic inversion center. Coordinates for the phenol hydrogen were allowed to refine. 

IF4-OH--16 The asymmetric unit contains a single phenol / amine pair. Coordinates for the phenol 

hydrogen were allowed to refine. 

IF4-OH--2 The asymmetric unit contains a single phenol / amine pair. Coordinates for the phenol 

hydrogen were allowed to refine. 

IF4-COOH--16 The asymmetric unit contains a single iodo acid / amine pair. The iodo acid was 

disordered in a head-to-tail fashion, with the population of the two PARTs being set by a free variable. A 

SAME command was used to restrain the geometries of the two independent iodo acids. Thermal 

parameters of the disordered iodo acid were constrained pairwise with EADP commands between atoms 

in close proximity. 

IF4-COOH--2 The asymmetric unit contains two iodo acid / amine pairs. Both unique iodo acids were 

disordered in a head-to-tail fashion, with the population of the two PARTs being set by free variables. A 

SAME command was used to restrain the geometries of the four independent iodo acids. Thermal 

parameters of both disordered iodo acids were constrained pairwise with EADP commands between 

atoms in close proximity. 

Br-COOH--2 The asymmetric unit contains a single bromo acid / amine pair. Coordinates for the 

carboxylic acid hydrogen were allowed to refine. 

BrF4-OH--2 The asymmetric unit contains a single phenol / amine pair. 
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Table S3 Crystallographic data 

 



IUCrJ (2015). 2,  doi:10.1107/S2052252515010854        Supporting information, sup-9 

 

 



IUCrJ (2015). 2,  doi:10.1107/S2052252515010854        Supporting information, sup-10 

 

 



IUCrJ (2015). 2,  doi:10.1107/S2052252515010854        Supporting information, sup-11 

 

 

                                                      
i
 APEX2 v2013.10-0, © 2013, Bruker Analytical X-ray Systems, Madison, WI. 

ii
 COSMO v1.61, © 1999 - 2009, Bruker Analytical X-ray Systems, Madison, WI. 

iii
 SAINT v8.34a, © 1997 - 2013, Bruker Analytical X-ray Systems, Madison, WI. 

iv
 TWINABS v2012/1, © 2012, Bruker Analytical X-ray Systems, Madison, WI. 

v
 SADABS v2012/1, © 2012, Bruker Analytical X-ray Systems, Madison, WI. 

vi
 SHELXTL v2013/4, © 2013, Bruker Analytical X-ray Systems, Madison, WI. 


