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Car-Parrinello metric parameters discussion of 10-
hydroxybenzo[h]quinoline (HBQ) and benzo[h]quinoline-2-
methylresorcinol complex
10-hydroxybenzo[h]quinoline (HBQ)

Two independent molecules of HBQ are present iruthigue part of the unit cell, and
the O...N interatomic distance is equal 2.562 A2@&74 A according to the experimental
measurements [1]. This shows the extent of modi@inaof intramolecular hydrogen bond
properties just by the crystal environment. Theatise obtained as a CPMD result in the gas
phase is elongated comparing to the X-ray findiisgg Table S1 (and for clarity Figure 1 in
the manuscript body). The O2Fexperimental value suggests that the proton istéatin the
middle of the hydrogen bridge (1.337 A or 1.361 Rhe average value of the GFbond is
equal 1.022+0.037 A, which indicates that the proi® located on the donor side. The
hydrogen H"...N bond length is 1.411 A or 1.454 A accordinghe X-ray measurements,
but the computed average value is 1.670+0.115 A&rdfore, the discrepancies between the
experimental and gas phase computed data are aiolecdéca. 0.2 A), underlining the
difference between the solid structure and the gesse. Concerning the valence angle
OHPPN, the atoms involved in the intramolecular hydmgeond formation exhibited
flexibility during the CPMD run, therefore the olrtad value is larger than the experimental.
The O-C1 and C3-N bond lengths average valuesnageod agreement with experimental
data, however, they are slightly shorter. The C1a@@ C2-C3 bond lengths average values
comparison with the X-ray data showed that theyeweproduced correctly, and - most
important - the pattern of elongations and shonigsii corresponds to the modifications in
aromaticity, is also reproduced. As it has alrelaglgn mentioned, in the crystal of HBQ, there
are two symmetry-independent molecules. Both geoaseare similar, but not identical [1]
as it is shown in Table S1 the standard deviatainthie structural parameters in the CPMD
runs are much larger than these differences. Ty&adline phase CPMD simulation results
are in good agreement with the X-ray measuremente computed O...N interatomic
distance was obtained as slightly shorter. The®4#dnd value obtained as a result of the
CPMD simulation suggests that the enol form oft#B€ molecule is preferable. Thé'H..N
hydrogen bond computed average value is equal #4968 A and it is elongated comparing
with the experiment (1.411 A or 1.454 A). The valermangle OBPN computed value differs
significantly from the experimental findings. It @ unexpected result - a better agreement

could be expected, because the simulation of thtecetl took into account long and short-
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term interactions. Therefore, the degrees of freedbthe molecules are limited by e.g. the
neighbors or crystal field. Concerning theasi-ring remaining bond lengths, the O-C1 and
C3-N computed average bond lengths are shorter @ongpto the experimental data. This
could be associated with the fact that oxygen ammdgen atoms of the bonds are involved in
the intramolecular hydrogen bond and the bridgeadyns influenced the bond length as well
as the presence of the neighboring molecules. The&€Z bond length average value is
slightly elongated comparing with the referenceaddtiowever, the C2-C3 bond length
obtained computationally corresponds perfectly vitie experimental measurements. The
difference in metric parameters of the moleculessueed experimentally is ca. 0.01 A. As it
is reported in the Table S1, the computed standaxdation is ca. 0.07 A, therefore, the
CPMD approach would not be able to reproduce tightstlifference in the geometry of the

molecules.
Benzo[h]quinoline-2-methylresorcinol complex

The metric parameters of benzo[h]quinoline-2-metsdrcinol complex are listed in
Table S2 for gas phase and solid state CPMD simoakt(for clarity see Figure 2 in the
manuscript body). The gas phase simulation redoltsthe dimer (benzo[h]quinoline-2-
methylresorcinol) reproduced the O2 dlistance with a slight elongation (0.08 A) compagri
to the X-ray experimental data [2]. However, as ghown in Table S2 the experimental O-H
bond was shortened, but the CPMD results providedith the average distance of 1.002 A,
which is in agreement with literature reports. Bwverage value of the hydrogen bond length
was obtained shorter than the experimental one.cohgputed OHRIvalence angle value is
in a very good agreement with experimental findirigshe crystalline phase simulation, the
obtained O...R interatomic distance was shortened ca. 0.073 Apeoimg to the X-ray
measurements. The O-H bond length was reproducedctly as well as the OHNvalence
angle. The H...Rhydrogen bond was shortened noticeably, becawsditference between
computed and experimental value is 0.321 A, bust t&ults from experimental difficulties in
locating the hydrogen-bonded proton (the distarfc@. 95 A is too short). The hydrogen-
bonded protons bound to strongly electronegatiomatsuffer most from the distortion of the
electron cloud, hence the largest mismatch betwbenX-ray measurements and actual
position of the nucleus. The trimers consist of @m®zo[h]quinoline molecules and two
molecules of 2-methyresorcinol, see Figure 2 in nenuscript body. The comparison of

geometric and computed selected metric parameietarhers 1 and 2 is shown in Table S2.



The trimer 1 in the gas phase corresponds to the oatwo separated hydrogen bridges,
formed respectively by two hydroxyl groups of thenthylresorcinol. The O..Noridge is
well conserved with respect to the crystal - itsngiation due to the lack of crystal field is
only 0.07 A, and the valence angle is also repredwccurately. A sharp contrast is provided
by the 02...® bridge, which undergoes very large structuraltfiations. The O...Ndistance

is as much as 0.99 A longer than in the experinaemt,examination of the trajectory, as well
as the time evolution of the parameters, showetdthigasecond 2-methylresorcinol molecule
is able to detach for a significant part of the wdimtion. This fact is also reflected in the
standard deviation values of the second bridgenpetexrs, and it strongly suggests that the
02-H2..0 bridge is much weaker than its O-HZ.Nounterpart. The crystalline phase
simulation of trimer 1 reproduced the O2°.@rteratomic distance with a very good
agreement. The O2-H2 bond length experimental veughorter than that reported in the
literature, however, the CPMD simulation resultidgated that the bond is equal ca. 1 A. The
H2...® hydrogen bond average length is shorter compadrtge X-ray data (the difference
is equal 0.24 A). The same remark about the exmariah O-H bond length being too short,
already stated above, holds also here and expthmsdiscrepancies between the X-ray
diffractometry and CPMD simulation. The O2H2@alence angle computed differs ca. 6
degrees with respect to the experimental findiige gas phase simulation of trimer 2 yields
results differing significantly from those of trim&. The three molecules stay close together
throughout the CPMD run, and the standard deviatiminthe distances are not large. The
O...N" bridge is strengthened and shortened in compartsothe dimer and trimer 1
simulations, and its length, 2.722 A, is within exmental error of the X-ray result. This
strengthening must be put down to the polarizatibthis bridge by the G2H3° hydroxyl
group. This interesting phenomenon play importa in formation of the structure of the
investigated cocrystal [2]. With regard to the paftthe crystal structure constituting the
trimer 2, the 03%..0 interatomic distance obtained from the experimis 2.750 A and
comparing with the computational average resulis dta. 0.046 A larger. The &Bi3° bond
length experimentally determined is shorter thaat tlobtained computationally. The
computed average value of the intermolecular hyemmdgpnd is 1.731+0.136 and it is shorter
than the experimental one. Some differences wese albserved concerning the @3°0
valence angle - the experimental reported valesgjisal 171.31 degrees and it is larger by ca.
6 degrees comparing to the CPMD results. The megdthered in Table S2 show an
interesting feature of the solid state simulationthe benzo[h]quinoline-2-methylresorcinol

cocrystal. Please note that the two trimers salectethe gas phase simulations, consisting of
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one benzo[h]quinoline moiety and two 2-methylreswt molecules, are derived from the

crystal structure in which only one 2-methylrespnotimolecule is independent. Therefore,
the X-ray data in the last two sections of Tableag2identical by virtue of crystal symmetry.

The CPMD simulation uses full unit cell and assumesymmetry, but still the last column

of this Table yields identical results (within 0208) for the corresponding distances. This is
a good indication of the convergence of the CPMfdts, even if the particular details of the
metric parameters time evolution differ betweenttixe bridges (see Figure S3).

Comparing experimental solid state measurements aeitnputed gas phase data, it is
necessary to remember that the isolated molecujeeds of freedom are not limited by
interactions present in the crystalline phase thegesome discrepancies could be noted. In
addition, the X-ray measurements provided us ority wrobable bridged proton position.
However, our CPMD simulations in the gas and setates refilled the experimental data
available as well as shed light onto proton dynanmicthe hydrogen bridges of the studied
systems. In general, the computationally obtain®#1D results are in good agreement with

experimental X-ray data.



Figure S1. Unit cells of 10-hydroxybenzo[h]quinoline (HBQ) [1](left) and
benzo[h]quinoline-2-methylresorcinol [2] (right) e for CPMD simulations in the
crystalline phase.



Table S1.Selected structural parameters related to thenmirecular hydrogen bridge and
quasi-ring in 10-hydroxybenzo[h]quinoline (HBQ). Compson of experimental (X-ray) [1]
and computed (CPMD) results. Metric parametergyasen in A and degrees. For the CPMD

the averagetstandard deviation was estimated.

Parameter X-ray? HBQ, gas phase HBQ, crystal
d(O...N) 2.562, 2.574 2.592+0.081 2.555+0.079
r(O-H ®%) 1.337, 1.361 1.022+0.037 1.152+0.221
r(HEP...N) 1.411, 1.454 1.670+0.115 1.496+0.218
<(OH®PN) 137.63, 132.17 148.51+5.66 149.57+6.20
r(O-C1) 1.368, 1.369 1.34620.027 1.339+0.033
r(C1-C2) 1.421, 1.415 1.434%0.030 1.451+0.030
r(C2-C3) 1.440, 1.443 1.442+0.030 1.443+0.028
r(C3-N) 1.371, 1.368 1.364+0.028 1.356+0.027

®There are two independent molecules in the uniquiegh the unit cell.



trimer 2

Figure S2.Unit cell of benzo[h]quinoline-2-methylresorcinobarystal [2] with molecules
forming the benzo[h]quinoline-2-methylresorcinolndir, as well as the two investigated
trimers (identified by color markings). Intermoléamu hydrogen bonds are indicated with

dotted lines.



Table S2.Selected structural parameters related to thenmatiecular hydrogen bridges in
benzo[h]quinoline-2-methylresorcinol complexes (gdsse dimer and two trimers - see
Figure 2 and cocrystal (Figure 2SI). Comparisorexgerimental (X-ray) [2] and computed

(CPMD simulations) results. Metric parameters dxermin A and degrees. For the CPMD

the averagetstandard deviation was estimated.

Parameter X-ray dimer trimer 1 trimer 2 simulated

cocrystal
d(O...N?% 2.723 2.803+0.138 2.791+0.132 2.722+0.122 2.65@®.0
r(O-H) 0.795 1.002+0.03Q0 1.002+0.030 1.020+0.036 1.044¥.0
r(H...N9) 1.955 1.841+0.153 1.830+0.143 1.729+0.138 1.634%.1
<(OHN?®) 162.39 161.90+8.85 161.25+8.48 165.09+6/97 164.18Bk7
d(02...0° 2.750 - 3.741+0.728 - 2.705+0.118
r(02-H2) 0.783 - 0.978+0.024 - 0.998+0.029
r(H2...0") 1.973 - 3.181+0.851 - 1.733+0.131
<(O2HOP) 171.31 - 161.25+8.4§ - 165.56+7.49
d(03°...0) 2.750 - - 2.847+0.180 2.704+0.123
r(0O3°H3° 0.783 - - 0.988+0.026 0.998+0.029
r(H3°¢...0) 1.973 - - 1.902+0.194 1.731+0.136
<(O3*H3‘0) 171.31 - - 161.48+9.77 165.79+7.46

& Symmetry code N(x, y, z) in the crystal structure;

P Symmetry code O(¥2+x, Y-y, ¥o+2) in the crystalcitree;

¢ Symmetry code O2(=Y2+Xx, Yo—y, —Y42+2z) in the crydtaicsure.
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Figure S3.Time evolution of the metric parameters of theintolecular O-H...O hydrogen
bridges in the investigated benzo[h]quinoline-24my&tsorcinol complex in the solid state.
Left: the O2-H2...8 bridge, in which the central 2-methylresorcinol letnle acts as a
hydrogen bond donor; right — the @33° ...O bridge, in which the central molecule is a
hydrogen bond acceptor. Color coding of the grapéd:- d(O...0), green - r(O-H), blue:
r(H...0). The G atom is generated from the O atom in the crydtaicgire by symmetry

operation (Y2+x, ¥e—y, ¥+z), while the ©33° atoms are generated from the O2 atom in the

crystal structure by symmetry operation (—¥2+x, Y22¢+2).
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Pmf - RESULTS FOR CLASSICAL NUCLEI
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Pmf - RESULTS FOR QUANTUM NUCLEI ( a posteriori correction)
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Figure S4.Potential of mean force (Pmf) for proton motiorthe O-H...N hydrogen bridges
computed from the CPMD trajectories obtained aslltesof gas phase and solid state
simulations. Two sections are provided: Pmf caledalirectly from the CPMD trajectories
(classical nuclei), and Pmf calculated walhposteriori quantum corrections obtained during
the “snapshot-envelope” calculations. Upper graphsach section: results for HBQ; lower

graphs: benzo[h]quinoline-2-methylresorcinol comple
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Table S3.Charge transfer energiesc{i for the partial charge transfer between the syste

components. The values are given in eV.

dimer trimer 1 trimer 2
0.5e 3.12 2.49 2.59
0.6e 3.66 2.95 3.04
0.7e 3.89 3.43 3.53
0.8e 4.47 3.94 4.04
0.9e 5.46 4.48 4.57
1.0e 6.12 5.03 5.13
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