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Materials and Methods
Chemicals

The organic phase was 1, 2-dichloroethane (DCE, > 99.5%) from Sigma-Aldrich. The aqueous



phase electrolyte was 10 mM lithium chloride (LiCl, > 99.0%, Sigma-Aldrich). The pH of the
aqueous phase was adjusted with hydrochloric acid (HCI, 1 molL-!, VWR Chemicals). Studied
drugs: caffeine powder (Caff, Lab Grade, Fisher Scientific), 1-hydroxy-2-naphthoic acid (1H2N,
99.0%, Aldrich). Bis(triphenylphosphoranylidene)ammonium chloride (BACI, Sigma-Aldrich,
97%) and potassium tetrakis(4-chlorophenyl) borate (KTPBCI, Sigma-Aldrich, > 98.0%) were
used to prepare the organic phase electrolyte bis(triphenylphosphoranylidene)ammonium
tetrakis(4-chlorophenyl) borate (BATPBCI) via a metathesis reaction according to the protocoll!l.
Tetrapropylammonium chloride (TPA, 98%, Aldrich) were used as reference to measure the half-
wave potentia.KTPBClI and BACI were used to chemically polarize the interface.
Chlorotrimethylsilane (> 98.0% (GC), Sigma-Aldrich) was used for silanization.

Control of the interfacial potential difference by chemical polarisation

The following salts LiCl, KTPBCI, BACI were dissolved in the aqueous and organic phases
according to the Scheme 1 to chemically polarise the interface. Each ion present in the system is
distributed in equilibrium between the water and organic phase resulting in change of the

w
interfacial potential (4, ¢)[3=4].

Scheme S1. Experimental set up presenting chemical polarisation of the interface. BACI —
Bls(trlpher;ljlphosphoranyhdene)an}nomum chlorlde KBPBCl — potassium tetrakis(4-
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phase systems were preparédm&mgaﬁmdbn of these salts to polarise the 1nterface %1{81 fora
low polarisation and KTPBCI for high polarisation. This potential difference was verified by the
open circuit potential (OCP) measurements: OCPs were -2.80 V (vial 1), 0.09 V (vial 2) and 0.57
V (vial 3). A fourth biphasic system without polarisation was prepared as a control sample. The
aqueous phase was added drop wise to the organic phase to form an interface and was left
overnight. The volume of both phases was 1.5 mL. The cocrystals were collected and any residual
aqueous or organic solvent was left to evaporate. The vials were previously silanised to flatten the
interface and increase the contact surface by filling the glassware at the bottom half with
chlorotrimethylsilane and left to evaporate at room temperature under the fume hood.

Control of the interfacial potential difference by potentiostat

The potential difference across the water/1,2-dichloroethane interface was controlled with an
Autolab potentiostat PGSTAT302N or PGSTAT-100 controlled by NOVA software (Version
1.11). All measurements were performed in a four-electrode glass cell with an interface area of
~1.13 cm?. Platinum mesh was used as the counter electrodes and Ag/AgCl wire as reference
electrodes in both phases. To avoid exposure on the aqueous phase, the organic phase counter
electrode was previously covered with borosilicate glass. The organic phase reference electrode
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was immersed in its aqueous reference solution of LiCl and BACI. All measurements were carried

out at room temperature (25 °C). The half-wave potentials were referred to the half-wave potential
w 0 _

of TPA* (AO ¢TPA T 0.093 V)2l and obtained by adding a predetermined concentration of the

chloride salt of TPA+ to the cell for each experiment. Examined compounds were dissolved in

aqueous and/or organic phase electrolyte solution before filling the cell. The volume added to the

cell in each phase was always exactly 2.5 mL.

Scheme S2. The electrochemical cell configurations.

Ce":l‘elﬂcr(?rg 151'1“ I 1aolnc\?v|:!1s;l tised to trapsfer the caffeine in the absence of 1H2N. and Cell 2 was the

controf expert

a were collected at 295 K on a Renishaw inVia™ Qontor®
confogal micr

of 1200 grooves
poPgipf uAﬁGIEAa 70
cm!. The lase orking distance
of 7 mm and a numerical aperture of 0.90. Excitation irradiance at the sample was about 1000

AgCl ‘ Ag

R et olemmics B 2.

Experimental Raman scattering spe

W.cm 2, which avoided any laser heating of the sample. Exposure time was 2 seconds and 5 spectra
were averaged for increasing signal-to-noise ratio. Raman spectra were collected in step scan mode
from 70 to 3200 or 3600 cm™!' depending on the sample. The final spectral resolution was closed
to 3 cm! using this grating. At least 10 spectra were collected for each sample and we checked
that the spectra were identical, indicating that the samples were quite homogeneous.

Density-functional theory (DFT) calculations were made by the method of the DFT calculation at
B3LYP 6311G++ (3d, 3p) level in gas phase. They were used to optimize the geometry of caffeine
and 1H2N molecules, and the cocrystal involving a 1:1 complex between these two components.
Vibrational spectra were calculated once the geometry was optimized, and no negative frequency
was obtained, indicating a good convergence of the calculations. The aim was to compare the
Raman active vibrational modes obtained experimentally and by a computational quantum
mechanical modelling method. DFT computation and correction of the calculated vibrational
wavenumbers by the following quadratic scaling function:!

-0.00001045 2 + 0.98940

Oscaled = calc calc

Where scaled is the corrected Raman shift in cm!, and calc is the calculated DFT Raman shift.

The following figures report the comparison between experimental and theoretical Raman spectra
for caffeine, 1H2N and the 1/1 cocrystal of these two molecules. Associated tables report the
frequencies and the normalized Raman intensities, as well as the most important assignments for
the two isolated molecules (caffeine and 1H2N). For caffeine, the assignment used the numbering



of atoms indicated in Figure S9. For the cocrystal structure, we have only assigned the most
important peaks featuring the frequencies strongly modified by hydrogen bonds. One can see that
the theoretical spectra are in very good agreement with the experimental ones for the frequencies.
It is less true concerning the Raman intensities, but this is well known for DFT calculations.
Nevertheless, the agreement is acceptable.

X-ray Diffraction

The PXRD measurements were performed using a Panalytical X Pert Pro diffractometer equipped
with a Cu tube, a Ge (111) incident-beam monochromator (Kal = 1.5406 A), 0.02 rad Soller slits,
programmable divergence and anti-scatter slits, the irradiated area was fixed to 10mm x 10mm
and an X’Celerator fast detector. The X’Celerator detector was used as “scanning line detector
(1D)” with 2.122° active length. The resulting powder was characterized on a 200 um thick zero
background X-ray holder because of relatively small amounts of powder (10 — 20 mg). Data
collection was carried out in the scattering angle range 3 — 50° with a 0.0167° step over 4 hours.
Powder X-Ray diffractograms were recorded in reflection mode (Bragg Brentano 0-20), and their
patterns were simulated for the 2 phases, using their known phase structure. A semi-quantitative
model based on intensity was used to determine the composition of the phase mixture.

The single crystal X-ray diffraction (SCXRD) measurements were performed using a Rigaku
Oxford Diffraction 4-circles SuperNova diffractometer with a microfocus Molybdenum anode X-
ray source (wavelength Mo (Ko, o) =0.71073 A) and an Atlas CCD detector. The cell parameters
determination was carried out at room temperature.

Scanning electron microscopy
Scanning electron microscopy micrographs were obtained using a JEOL JCM-6000 (acceleration
voltage of 15 kV).



Complementary results

Crystallisation of Caffeine:1H2N at the polarised liquid-liquid interface
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Figure S8: Experimental (red) and DFT calculated (black) Raman spectra for (a) Caff, (b) 1H2N,
and (c) Caff: 1H2N (obtained at high polarization). Caffeine structure is also given along with the
numbering of carbons atoms used in Table S3.



Table S3: Assignment for the most characteristic vibrational bands of caffeinel!!l.

DFT calculated and

Experimental Raman | Experimental Raman DFT Raman :
shifts Normalized Intensity correc:;e.:itlaman Normalized Intensity Seepement
446 0.143 438 0.064 CH; sym. bend + CH; rock
486 0.228 477 0.072 Imidazole ring def + 0=C-N def + CH bend
557 0.81 544 0.508 CH bend + CH; sym. bend + CH; rock
646 0.211 636 0.075 midazole ring def + O=C-N def + CH; sym. bend
742 0.261 740 0.038 Imidazole ring def + CH; sym. bend + CH; rock
803 0.149 802 0.028 Imidazole ring def + C=0 def + CH; rock
930 0.105 923 0.031 Imidazole + CH; rock
1026 0.097 1014 0.028 CH, rock + C—N stretch + C-N bend
1073 0.15 1064 0.077 H—C=N bending
1243 0.271 1230 0.087 H-C=N bending
1250 (shoulder) 0.217 1238 0.101 C—N stretch
1287 0.361 1266 0.182 C2-N3 sym. str + CH; rock
1332 1 1322 0.226 Imidazole trigonal ring stretch
1363 0.374 1346 0.386 C-N str + CH; sym. Bending
1410 (broad) 0.178 1410 0.078 CH; sym. bend + C14-N7 sym. str
1433 (broad) 0.158 1434 0.147 CH; twisting
1470 (broad) 0.184 1469 0.121 CH; sym. bending
1556 0.107 1531 0.021 CH; sym. bend + CH; bend + C-N stretch
1602 0.474 1576 0.245 C=C sym. str + C—N sym. str + CH; sym. bend
1658 0.314 1658 0.153 Out-of-phase C=0 stretch + C=C sym. Stretch
1701 0.546 16599 0.232 In-phase C=0 stretch
2960 (broad) 0.685 2931 1 CH; sym. stretch
3030 (broad. multiple) 0.175 2986 0.275 CH; asym. stretch
2996 0.151 CH; asym. stretch
3006 0.128 CH; asym. stretch
3027 0.0674 CH; asym. stretch
3036 0.064 CH; asym. stretch
3117 0.301 3103 0.172 imidazole C-H stretch




Table S4: Assignment for the most characteristic vibrational bands of 1-hydroxy-2-naphthoic

acidPl.

Experimental Raman

Experimental Raman

DFT calculated and
corrected Raman

DFT Raman

Assignement

shifts Normalized Intensity shifts Normalized Intensity
340 0,523 321 0,214 naphtalene squeletal in plane deformation
370 0,226 342 0,06
433 0,121 428 0,071
498 0,415 490 0,064
546 0,273 538 0,124 naphtalene squeletal in plane deformation
520 0,158 592 0,03
725 0,694 703 0,403
753 0,163 731 0,086
831 0,159 865 0,022
917 0,219 902 0,027
1029 0,385 1023 0,253 ring breathing mode
1098 0,158 1080 0,032
1157 0,161 1151 0,027
1190 0,14 1186 0,075
1219 0,763 1206 0,183 naphtalene CCH bend + C=C stretch + C-O-H bend
1262 0,345 1265 0,104
1274 0,274 1290 0,142 naphtalene CCH bend and C=C stretch
1326 (broad) 0,407
1352 0,375 1345 1 naphtalene CCH bend + C=C stretch + C-O-H bend
1386 1 1379 0,543 naphtalene CCH bend + C=C stretch + phenolic C-O-H bend
1418 (broad) 0,787 1398 0,475 naphtalene CCH bend + phenolic C-0 bending
1469 0,41 1463 0,237 naphtalene CCH bend + phenolic C-O stretch
1510 0,674 1498 0,074 C=C stretch of naphtalene part + phenolic C-O-H bend
1581 0,791 1564 0,117 C=C stretch of naphtalene part + phenolic C-O-H bend
1612 (broad) 0,633 1616 0,276 C=C stretch of naphtalene part
1637 0,784 1663 0,549 C=0 stretch of the COOH group
3066 0,775 3033 0,275 aromatic C-H stretch
3075 0,877 3042 0,373 aromatic C-H stretch
3089 0,46 3062 0,315 aromatic C-H stretch
3230 0,153 3195 0,106 phenolic O-H stretch in intra H bond with C=0
3572 0,17 O-H stretching of COOH group



Table S5 Assignment for the most characteristic vibrational bands of Caff:1H2N cocrystals.

Experimental Raman

Experimental Raman

DFT calculated and
corrected Raman

DFT Raman

Assignement

shifts Normalized Intensity shifts Normalized Intensity
293 0,0328 298 0,01
337 0,103 337 0,08
353 0,02 353 0,027
431 0,041 420 0,014
448 0,064 441 0,023
454 0,073 450 0,021
537 0,081 538 (shoulder) 0,08
563 0,145 545 0,118
609 0,027 600 0,011
651 0,031 639 0,012
725 0,166 722 0,106
765 0,072 749 0,025
1028 0,116 1023 0,073
1083 0,063 1068 0,029
1155 0,06 1145 0,01
1208 0,31 1214 0,082
1263 0,146 1252 0,05
1298 0,108 1274 0,051
1374 1 1360 1 imidazole C=N stretch + C-0-H carboxylic group bend bonded by H bonds
1413 0,313 1387 0,043
1431 0,149 1413 0,038
1461 (shoulder) 0,171 1455 0,07
1470 0,219 1455 0,055
1508 0,174 1435 0,035
1582 0,148 1586 0,048
1624 (shoulder) 0,189 1618 0,075
1647 0,462 1635 0,24 C=0 stretch of COOH group bonded by H bond to imidazele group
1662 [shoulder) 0,254 1664 0,054
1707 0,284 1703 0,065 in phase C=0 stretchs of caffeine
2956 0,2 2936 0,415
2095 (shoulder) 0,116 2992 0,032
3003 0,138 3002 0,028
3012 0,114 3013 0,025
3035 0,123 3028 0,029
3045 0,143 3041 0,087
3060 0,272 3050 0,106
3081 0,138 3072 0,071
3125 0,05 3117 0,032
3146 0,066 3131 0,053
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Experiments supporting the mechanism proposed

We have investigated the transfer of caffeine across the interface, when the interface is polarized,
by analyzing the content of the organic phase by SEM. Biphasic systems composed of an aqueous
phase containing 10 mM of Caff and organic phases with electrolyte salts allowing negative,
intermediate and positive polarization of the interface were prepared. A non-polarized biphasic
system was also prepared as a control experiment. After 16 h, the organic phase was carefully
collected and dropped onto a carbon tape. The solvent was left to evaporate and the samples were
metallized with a thin layer of gold (5 nm). SEM images show that large crystals are collected
from the organic phase when the interface was positively polarized. When the interface is polarized
with an intermediate or a negative potential difference, almost no deposits are observed on the
substrate. For the control experiment, i.e. in the absence of polarization, crystals were formed in
the organic phase. This, in our opinion, constitutes an indirect proof of caffeine transfer to the
organic phase when the interface is positively polarized.

A 4

Increasing Ay ¢ Control
Figure S9: SEM images of the organic phase after solvent evaporation for negative, intermediate

and positive polarization of the interface and for control experiments. Top images: scale bars:
20pm; bottom images: 1 pm.
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Figure S10: Changes in pH before and after the cocrystallization process for caffeine saturated
solution.
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