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Table S1. Experimental enthalpies of solution of the 5-Cl and 5-CHs-1,10-phenanthrolines
in benzene measured in this work at 298.15 K and 0.1MPa>.

Sample Molality*/ AgornHp M8
Compound mass"I/)mg mmol-k)é*1 li -mol™!
5-Cl-1,10-phenanthroline 31.08 1.65 19.34
35.26 1.88 19.25
33.05 3.41 19.64
33.51 3.66 19.41
34.95 5.27 19.32
63.66 7.04 19.37
AsomH, Y5 = (19.39 % 0.11) kJ-mol ! ¢
5-CHs-1,10-phenanthroline 59.17 3.48 18.13
55.80 3.28 18.33
31.21 5.31 18.11
50.91 6.27 18.50
30.87 7.13 18.62

AsomH, NS = (18.34 £ 0.20) kJ-mol ! ¢
aStandard uncertainties u are u(T) = 0.01 K, u(p) =5 kPa.
> Mass of solute sample which was added in each dissolution experiment.
< Molality of solute in solution after experiments. Standard uncertainties u are u(b) = 0.08 mmol-kg.
4 Enthalpy of solution of each experiment.
¢ Average enthalpy of solution. Uncertainties correspond to expanded uncertainties of the mean U
(0.95 level of confidence. k=2).

Synthesis of Materials

5-Chloro-1,10-phenanthroline was purchased (Sigma-Aldrich, > 98 %) and used as
received. 1,10-phenanthroline-5,6-epoxide, precursor for the synthesis of 5-methoxy-1,10-
phenanthroline and 5-cyano-1,10-phenanthroline, was prepared from reaction of 1,10-
phenanthroline and hypochlorite according to literature procedure [10].

5-Methoxy-1,10-phenanthroline was synthesized from 1,10-phenanthroline-5,6-epoxide
following a procedure previously reported in the literature [10]. A solution of 1,10-
phenanthroline-5,6-epoxide (2.0 g, 10.2 mmol) and sodium methoxide (50 mg, 0.93 mmol) in
methanol (300 mL) was stirred overnight at room temperature. The solvent was removed by
rotary evaporator and the solid residue was dissolved in methylene chloride (10 mL) and
filtered. The filtrate was concentrated by rotary evaporator and the compound purified by
recrystallization from methylene chloride/hexane (2:5) affording pure 5,6-dihydro-5-hydroxy-6-
methoxy-1,10-phenanthroline (1.28 g, 5.6 mmol, 55 %) used in the next step.

NaH (1.54 g, 64 mmol) was added in three portions at 30 min intervals to a stirred solution
of 5,6-dihydro-5-hydroxy-6-methoxy-1,10-phenanthroline (1.28 g, 5.6 mmol) in dry dioxane
(130 mL) at 70 °C. The reaction mixture was stirred overnight at 80 °C. After cooling to room
temperature, the solvent was removed by rotary evaporator and the residue was dissolved in
cold water (400 mL). The mixture was extracted with chloroform (3 x 400 mL) and the collected
organic fractions, dried over anhydrous Na250s, were evaporated. The solid thus obtained was
purified by chromatography (silica gel, chloroform) affording pure (mass fraction purity >
0.999 %, measured by an Agilent 6890N GC apparatus equipped with a 30 m x 0.25 mm 5%
phenylsilicone column) 5-Methoxy-1,10-phenanthroline as a white solid (0.71 g, 3.36 mmol, 60
%). 'H NMR (300 MHz, CDCls) d (ppm): 4.10 (s, 3H), 6.95 (s, 1H), 7.58 (dd, 1H, [ =791 Hz, ]’ =
4.43 Hz), 7.65 (dd, 1H, | = 8.13 Hz, ' = 4.29 Hz), 8.16 (d, 1H, | = 7.95 Hz), 8.67 (d, 1H, ] = 8.07
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Hz), 9.06 (d, 1H, ] = 3.75 Hz), 9.21 (d, 1H, ] = 3.45 Hz). The 'H NMR spectrum is consistent with
that reported in the literature [10].

5-Cyano-1,10-phenanthroline was synthesized from 1,10-phenanthroline-5,6-epoxide
following a procedure previously reported in the literature [10]. A solution of 1,10-
phenanthroline-5,6-epoxide (1.0 g, 5.1 mmol) in water (100 mL) was added to a 0.3 M aqueous
solution of KCN (100 mL). The mixture was stirred at room temperature for 4 h. The white
precipitated formed was filtered off, washed with a large amount of water, dried and
recrystallized from methanol to afford pure (mass fraction purity > 0.999 %, measured by an
Agilent 6890N GC apparatus equipped with a 30 m x 0.25 mm 5% phenylsilicone column) 5-
cyano-1,10-phenanthroline (3.9 mmol, 76 %) as a white solid. 'H NMR (300 MHz, CDCls) 6
(ppm): 7.78 (m, 2H), 8.32 (m, 2H), 8.62 (d, 1H, | = 8.13 Hz), 9.30 (m, 2H). The "H NMR spectrum
is consistent with that reported in the literature [10].

5-Nitro-1,10-phenanthroline was synthesized by reacting 1,10-phenanthroline with nitric
acid in sulfuric acid according to a procedure reported in the literature [2]. Fuming nitric acid
(15 mL) was added to a stirred solution of 1,10-phenanthroline (5 g, 27.8 mmol) in concentrated
sulfuric acid at 160 °C. The mixture was stirred at 160 °C for 3 h and then poured into ice water.
Saturated NaOH was then added until pH 3 was reached and a yellow solid precipitated. The
precipitate was filtered off, washed with water and dried in vacuum. After recrystallization
from ethanol, pure (mass fraction purity > 0.999 %, measured by an Agilent 6890N GC
apparatus equipped with a 30 m x 025 mm 5% phenylsilicone column) 5-nitro-1,10-
phenanthroline (5.9 g, 26.2 mmol, 94 %) was obtained as a yellow solid. 'H NMR (300 MHz,
CDCl) 6 (ppm): 7.77 (m, 2H), 8.40 (dd, 1H, | = 8.1 Hz, "= 1.7 Hz), 8.65 (s, 1H), 8.98 (dd, 1H, ] =
8.6 Hz, J'=1.6 Hz), 9.26 (dd, 1H, =43 Hz, ]'=1.6 Hz), 9.32 (dd, 1H, ] =44 Hz, ]’ = 1.7 Hz). The
H NMR spectrum is consistent with that reported in the literature [11].

5-Amino-1,10-phenanthroline was synthesized by reduction of 5-nitro-1,10-phenanthroline
by hydrazine following a procedure previously reported in the literature [11]. 5-Nitro-1,10-
phenanthroline (2.5 g, 11.1 mmol) was dissolved in absolute ethanol (50 mL) containing 10%
Pd/C (0.5 g). After purging with Ar, hydrazine monohydrate (6.5 mL, 13.4 mmol) was added
dropwise over a period of 30 minutes. The mixture was the stirred at 70 °C for 10 h. After
cooling, the reaction mixture was filtrated and the filtrate was concentrated under reduced
pressure. The yellow precipitate thus obtained was filtered, dried under vacuum and
recrystallized from ethanol affording pure (mass fraction purity > 0.999 %, measured by an
Agilent 6890N GC apparatus equipped with a 30 m x 0.25 mm 5% phenylsilicone column) 5-
amino-1,10-phenanthroline (0.87 g, 4.46 mmol, 40 %) as a yellow solid. "H NMR (300 MHz,
CDCls) 6 (ppm): 3.58 (br, 2H), 6.94 (s, 1H), 7.50 (dd, 1H, | =8.0 Hz, |’ =4.3 Hz), 7.64 (dd, 1H, ] =
83 Hz, J'=4.3 Hz), 798 (d, 1H, ] =7.3 Hz), 8.27 (d, 1H, | =7.6 Hz), 8.94 (d, 1H, ] = 3.2 Hz), 9.20
(d, 1H, ] = 3.2 Hz). The "H NMR spectrum is consistent with that reported in the literature [11].
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