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Ligand characterisation (NMR, ESI-MS)

The "H-NMR spectra of L-O3 and L-O4 are shown in Figures S2 and S3, together with the
proton numbering schemes and peak assignments. The assignments were performed by
comparison with the "TH-NMR spectra of the precursor compounds 1,10-phenanthroline-5,6-
oxide [1] and 5-hydroxy-1,10-phenanthroline [2] (Figures S6-S7), as well as on the basis of
the expected chemical shifts and coupling patterns of substituted phenanthroline
derivatives. The singlet at & 7.65 ppm is attributed to the uncoupled phenanthroline proton
d. The remaining aromatic protons appear as three sets of closely related signals: g/a (5 9.20
and 9.02 ppm), e/c (6 8.70 and 8.10 ppm) and f/b (6 7.65 and 7.56 ppm). The most downfield
pair (g/a) is assigned to the protons adjacent to the nitrogen atoms, consistent with their
increased deshielding. The f/b pair appears as doublets of doublets, as expected for protons
coupled to two non-equivalent neighbours, while the e/c pair corresponds to the remaining
aromatic doublets. The coupling constants further support these assignments: protons g, e
andf(J=4.3,8.2and 8.2/4.3 Hz, respectively) form one spin system, whilea,cand b (J=4.2,
8.1 and 8.1/4.2 Hz, respectively) form the second. The g/e/f set is attributed to the pyridine
ring closer to the substitution site, as these protons are consistently shifted downfield
relative to their counterparts (a/c/b), in agreement with the electron-withdrawing influence
of the oxygen substituent. This trend is consistent with literature reports for oxygen-
substituted phenanthroline derivatives.' Integration of the 'TH-NMR spectra is consistent with
the expected number of protons in both the aromatic and aliphatic regions. The polyether
chain displays the characteristic triplet patterns corresponding to the -CH,- groups. Further
proof of structure is given by the expected m/z values shown in Figures S4 and S5 where [M]*

and [2M+Na]" species are detected for both ligands.
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Figure S2 Assigned '"H-NMR spectrum of L-03 in CDCls.
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Figure S4 ESI-MS spectrum of L-O3 (positive detection mode). Theoretical calculation for [M+H]* =285.12
and for [2M+Na]"=591.22 - experimental value s = 284.85 and 591.10 respectively.
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Complexes characterisation (NMR, HRMS, LC-MS)
The "H-NMR spectra of compounds Ru-bpy-03 and Ru-bpy-04 can be seen in Figures S8,

S9 and S13, together with proton numbering schemes and peak assignments based on the
'H-"H COSY spectra. Protons associated with the bpy ancillary ligands are denoted by the
subscript “b”, while those corresponding to the L-O3 or L-O4 phenanthroline ligands are
denoted by the subscript “p”. The peaks corresponding to the protons of the bpy ligands are
split into two sets as the two halves of each bpy ligand are inequivalent. The bpy protons
1v/1’s, which are brought to close contact due to complexation, give rise to two sets of
closely spaced doublets at d ca. 8.72 ppm while the two doublets at 8.53 and 8.94 ppm are
attributed to the phenanthroline protons adjacent to the nitrogen atoms 1, and 7,. The peaks
corresponding to the bpy protons adjacent to the nitrogen atoms 4,/4’, can be seen at ca.
7.62 and 7.92 ppm showing the expected upfield shift in comparison to free bpy due to the
shielding effects induced by the ring currents of the adjacent ligands. The assignment of the
rest of the bpy and phen protons follows naturally by examination of the two-dimensional
correlation experiments (COSY/HSQC), which show the expected proton-proton and proton-
carbon connectivities, as well as by comparison with the L-O3 and L-O4 'H-NMR spectra
(Figures S2-3) which provide an easily recognizable pattern for the phen protons. The singlet
peak observed at 7.65 ppm is attributed to the uncoupled phenanthroline proton 4,. The 'H-
NMR spectra of Ru-DIP-O3 and Ru-DIP-O4 were assigned analogously. However, the large
number of aromatic protons and the extensive overlap observed for the peaks of the protons
of the phenyl groups prevent full signal assignment. In all cases, high-resolution mass
spectrometry shows m/z values in excellent agreement with the simulated isotopic

distributions for the respective complexes, while LC-MS confirms composition and purity.
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QOdM ZE'E
QO%M ZE'E
QO ££°E
QO ££°E

Q0 bE'E

5°€
85°€ /

09°€ ~

8/9/10/11

13

9L

Feoe
FE8T

Feet

Het

4.6 4.4 4.2 4.0 3.8 3.6 3.4 3.2

4.8

5.0

7.0
1 (ppm)

7.8 7.6 7.4 7.2
Figure S13 Assigned "H-NMR spectrum of Ru-bpy-04 (total) in CD;OD.

8.0

8.2

8.8 8.6 8.4

9.0

10



137.95
10334

SSSSE T VIV N e ROy

60,88

T T T T T

T T T T T T T T T T T T T T T
70 165 160 155 150 145 140 135 130 125 120 115 110 105 100 9 90 8 80 75
f1 (ppm)

Figure S14 3C-NMR APT spectrum of Ru-bpy-04 in CD;OD.

70

65

60

55

50

45

40

0
b
] )
‘ 8 8
W § a
fi 5 n.@ A
U i al "a
)
a 8
f
@ (11}
] L)
o5 00 85 80 75 70 65 60 55 50 s 40 35 30
f2 (ppm)

Figure S15 'H-"H COSY NMR spectrum of Ru-bpy-04 in CDsOD.

f1 (ppm)

11



T T Jt_ﬂ )

{ f-30
-

{1

@
)

o®

|
T T

LTRSS S SO S S S s S S S S S S S S S S e S S S e S S §
9.2 90 88 86 84 82 80 78 76 74 72 7.0 68 52 50 48 46 44 42 40 38 36 34 32 3.0 28
f2 (ppm)

Figure S16 'H-"C HSQC NMR spectrum of Ru-bpy-04 in CD;OD.

aaas
855%
g8g¢
2222
283 19y 2 EEEE
N N N\
2+
~ e s I
o
0 oH
1 J
h+i
y
k j
W "
L oK o o T
2 g 2 3 g
& 2 & 8 &
——
9.2 9.0 8.8 8.6 8.4 8.2 8.0 7.8 7.6 7.4 7.2 54 5.2 5.0 4.8 4.6 4.4 4.2 4.0 3.8 3.6 3.4 3

f1 (ppm)

Figure S17 Assigned 'H-NMR spectrum of Ru-DIP-O3 (total) in CDs;OD.

f1 (ppm)

12



103.38
—7265
_-69.45
-69.05
60.92

T T T T T T T T T T T T T T T T T T T T T T T T
160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45
1 (ppm)

Figure S18 *C-NMR APT spectrum of Ru-DIP-03 in CDsOD.

Y W S

r3.0

r3.5

i A 4.5
$ 7!

5.5

1 (pm)

r6.0

r8.0

H0
. F o

9.5

- T T T r T T T u -
95 9.0 8.5 8.0 75 5.0 4.5 4.0 35 30
2 (ppm)

Figure S19 'H-"H COSY NMR spectrum of Ru-DIP-03 in CDsOD.



|

-
— o]
- [}
- 9 o)
— . 3 2
= 8
3 0P

150

160

102 100 9.8 9.6 94 92 9.0 88 86 84 82 80 78 7.6 74 7.2 50 48 46 44 4.2 4.0 3.8 3.6 34
f2 (ppm)

Figure S20 'H-"3C HSQC NMR spectrum of Ru-DIP-03 in CDsOD.

32 30

170

ag NEORRMMARNNGY COPPROPIROO23835824 gug nsnog
S8 CoTARMAMANNN=S RRRRRRRKRRRREE8888883 LR onEes
\/ N s NV N/ NP

/ s/

—
= 3

Yavess

h/iljlk

LS s s L T T AT
3 8 35 3 g8 2 g 8 2 =85
b 2 Smi 2 2 8 a 4 2 333
T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 5.0 4.5 4.0 3.5
f1 (ppm)

Figure S21 Assigned 'H-NMR spectrum of Ru-DIP-04 (total) in CDs;OD.

f1 (ppm)

14



ccococaaa
22222882
NENNSUI AL E RS erunsdbsssumnas = zzzz=z==
AGASE85538308 REEasdpEsanass 2 3232 2 mozzEng
FHONRSEEERRES ELLELL SRR g REES-3 2 FETEEET
P e V'V NP =
|
|
!
i
T T T T T T T T T T T T T T T T T T T T T T T T T T
165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40

f1 (ppm)

Figure S22 *C-NMR APT spectrum of Ru-DIP-04 in CDsOD.

R P D

] (]

T T T T T T T T T T T T T T T T T T T T T T T T T T
98 96 94 92 9.0 88 86 84 82 80 78 76 74 72 52 50 48 46 44 42 40 38 3.6 34 32 30

(ppm)

Figure S23 'H-"H COSY NMR spectrum of Ru-DIP-04 in CDsOD.

f1 (ppm)



Relative Abundance

L
=
j— s 60
- [+) @ y O 70
— o 6
80
F90
+100
— 8
F110
F120
€
. F130
o
—-+ a
140
+ . F150
= (o)
-160
———— T ————— T
92 90 88 86 84 82 80 78 76 74 72 7.0 48 46 44 42 40 38 36 34 32 3.0
f2 (ppm)
Figure S24 'H-"3C HSQC NMR spectrum of Ru-DIP-04 in CDsOD.
a) b)
349.07903 340.07891 3@;1891
100 =2 i
90
34857939
80 34857952 z=? 350.07934
=2 38007221 z=?
g
70 348104931 348.07909
222
60 34725_17954
346. 387%4 2050000 350.58062
e 2
50 u6 03345 = 345:22004 z=
= 346 58157
40 24422831 B2 35208403 =7 S s sa009 353 5007
=1 [ s il = [ ] i 220 =)
30
2 226;2?173
327.00832
25017798 36292661 43091435
10 =1 z=1 ) s 49890180 56688043 63487676 70286424  770.85166 83883033 00682688 97481475
odmhie Lot Jalliy L b = = 2= 2=t =1 = =

f1 (ppm)

Figure S25 HRMS spectrum of Ru-bpy-03. Inset: a) experimental isotopic distribution b) simulated isotopic distribution.

16



1005

90

804

Relative Abundance

226.95143
z=1

327.00800
z=1

z=7

430.91378 503.12761

525.14147
= a)

2=2

z=1 z=

2=2 =7

52514790
525.14167 =7
z=2
1
52484231 | 65 a308
o =7
524 8.4227 526.14227 Z=
=2 +
=2
524.14203 524 14207
z=2 =
52664323 52364201 52654356
523.64223 2z=: - Z=
=2
522 14265
522.14310 527.14484 =7 52721_/}71193
220 o e
52113623 528 14821 527 84539 559 15081
=] : . 2 s

1095.;

54714482 §34.87504 70286351 781.11442 856.36524 906.82610 987.74935
z=2 =1 z=1 2 z=?

8112 1163.26850
z=1 z=1

Figure S26 HRMS spectrum of Ru-DIP-03. Inset: a) experimental isotopic distribution b) simulated isotopic distribution.

a) b)
371.09198 ITTUSZ05
100+ z=2 37112?95 =
90
. 37059252
e 37059261 = 37209249
E =2 372002% =7
o 703 37008239 w2 37009223
c = =2 =
S 607 36950273 ]
3 E 0067308 37259376
2 5] z=4 37250367 368.09315 =7
[ 3 so i | 36859469
> = =
T 404 6610003 TR = BN asmm0
° E 2= 1) i | | | =
30
207 393.09486
1 226.95158 52700800 z2
1 0*: =1 .Z=1 430-9_1 402 498.90148 566.88901 634.87641 702.86383 770.85127 838.83872 906.82582 974.81373
JE I PR O = = =1 =2 =1 2= = =

Figure S27 HRMS spectrum of Ru-bpy-04. Inset: a) experimental isotopic distribution b) simulated isotopic distribution.

Relative Abundance
n w B o ~ o w 8
o o o o o o o ?

o
o
co b b b b b b bena b bag

o

>

226.95149
2=1

L

327.00806
z=1

430.91389
z=2

547.15467 a) b)
z=2 o47 15498 54T, 157504
=
546 65545 | 547 6561
54665557 | 547 65605 =2 =
546.15534 546.15520
=2 =?
54865656 54565520 f48 65670
54565553 = = =
=2
544.15639 549.15809 5415578 549 18005
= &2 [549.65950
7 ‘ 550.16130 J - 551
\ L Lz | L
52514142 | 569.15792 63487619 70286365 82514091 87837850 97021383  1056.49319 1206.2962
= Z2 =2 =1 2=1 =2 2=? 2=? z=1_

Figure S28 HRMS spectrum of Ru-DIP-0O4. Inset: a) experimental isotopic distribution b) simulated isotopic distribution.

17



RT. 000 - 1040 =

314 o
e H 30ees
®- ne ms
- bort
an
§
3 o
3
2 %
§ -
Iw
0
337 913 77 998 1025
385 414429 41 482 499 529 540 583 598 025 ggs 709 719 745 779800 819 see 873892 913835 9
03012 083 009 103 132 184 174 219 241273 2%, 5 o MWk
DU
T T T T T T T T T T T T T T T T T T T
Y] o8 10 18 20 28 30 3e a0 s 50 s e es 0 e s s 80 a8 100
Time (min)
bey! 187 RT 314 AV 1 ML 124E3
T ITALS + €54 Full ms [160,09-2000.00)
1oom 1528
2]
-
H
i oo
H
2
E 0+
3
H
204 a8
0828 81300
20220 27858} @0 40 g G417 _ess 817 $87.17 94392 105967 1090.08 112208 120488 135183 139778 120938 162238 167067 173533 1801.75 189433 193208
— _—
200 300 > > > > £ o 1000 1100 1200 1300 1400 1800 1600 1700 1800 1800
RT. 0001040
1 314 N g
o 30084
b e s
ot Eeyt
L2
tw
2 e
H
2 %
g “
a w0
= 337 308 414429401 482 499 529 540 683 538 025 gums 709 719 745 779 800 81
03042 083 089 503 132 184 174 219 241273 29 N Arr sttt o et P b NN N
e
T T T T T T T v T T T T v T T T T v T T
° os 10 18 20 28 30 3 40 R L LX) eo es 70 eL ] 80 e 0 e 0o
Time (min}
bpy! #152 RT 322 AV. 1 NL S81E2
T ITAIS +  ESI Full ms [160.06-2000 0]
100 4925
20
s
H
i
e
: s11ce
H
E2 81308
20825
1 39383 4ea7s 51900 01133 71333 7o70s Jl83920 24042 102900 107083 111775 121175 120508 134842 140367 _ 160817 163826 172978 181028 136908 1sea7s
. e
35 o %0 1600 1100 1200 1309 1400 1200 1600 1700 1800 1900 2000
e

Figure S29 LC-MS chromatogram of Ru-bpy-03.
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Figure S31 LC-MS chromatogram of Ru-DIP-03.

19



Figure S32 LC-MS chromatogram of Ru-DIP-0O4.
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DLS analysis — aggregation studies
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Figure S33 DLS analysis results. a) Particle size distributions of relevant compounds in M9 bacteria growth medium. b) Particle size
distributions of relevant complexes in the lowest concentrations where aggregation is evident with DLS analysis in Tris-HCl buffer.

Compound

Tris-HCI buffer M9 media
Hydrodynamic | Polydispersity | Hydrodynamic | Polydispersity
diameter (nm) index diameter (nm) index
Average St. Average St. Average St. Average St.
dev. dev. dev. dev.
Ru-DIP-03 259 14.7 18.1 5.44 271 78.1 25.1 1.6
Ru-DIP-04 287 4.1 11.7 3.52 341 8.1 20.1 4.6
[Ru(DIP).phen]?* 416 134 32.4 7.25 605 224 28.7 4.3

Table S1DLS analysis data.
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Photophysical studies
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Figure S34 Absorption (solid lines) and emission (dashed lines) profiles of all compounds in MeCN.
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Figure S35 Emission spectra of all complexes in 77 K glass matrix (Aexe = 450 nm) along with their deconvolutions

using Gaussian functions.
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Ru-DIP-O3 Excitation(3_ = 620 nm)
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Figure S36 Normalized excitation spectra of all compounds in Tris-HCl buffer (0.05 M, pH
= 7.4) monitored at 620 nm.
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Figure S37 Normalized excitation spectra of all compounds in MeCN monitored at 620 nm.
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Figure S38 Experimental luminescence decay data and exponential fittings in MeCN for a) Ru-DIP-O3, b) Ru-DIP-04, c) Ru-
bpy-03, d) Ru-bpy-04.
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Figure S39 Experimental luminescence decay kinetics (black) and exponential fittings (blue) in Tris-HCl buffer (0.05 M,
pH =7.4) for a) Ru-DIP-O3, b) Ru-DIP-04, c) Ru-bpy-03, d) Ru-bpy-04.
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Figure S40 Experimental luminescence decay kinetics (black) and exponential fittings (blue) in M9 buffer for a) Ru-DIP-0O3,
b) Ru-DIP-04, c) Ru-bpy-03, d) Ru-bpy-04.
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Figure S41 Experimental luminescence decay kinetics (black) and exponential fittings (blue) of
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Figure S42 Emission lifetime measurements for all complexes at 77 K in ethanol/methanol (4:1) frozen glass matrix.
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Figure S43 Emission lifetimes upon gradually increasing MeCN volume fraction in Tris-HCl buffer (0.05 M, pH = 7.4) for Ru-
DIP-04.
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ROS generation studies
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Figure S44 ABDA assay results for all compounds. Endoperoxidation of the ABDA dye, due to photogeneration of '0- is evident
by the drop in absorption.
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Figure S45 ABDA assay results for all compounds without irradiation. No endoperoxidation is evident.
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Figure S46 Linear fittings of ABDA assays for all compounds.
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Figure S47 DHR-123 assay results for all compounds. Conversion of the dye to its fluorescent derivative by photogenerated ROS is
evident by the increase in emission.
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Figure S48 Linear fittings of DHR-123 assays for all compounds.
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Figure S49 Photostability assessment for all compounds. Continuous irradiation (450 nm) for 1 hour, no significant distortion
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Antibacterial SEM studies
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Figure S50 Emission spectrum of fluorescent lamps used for antibacterial studies.
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Figure S51 In vitro antibacterial activity of Ru-DIP-O3 and Ru-DIP-0O4 against E. coli in different concentrations
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Figure S52 Dose response fittings for [Ru(DIP)phen]?* activity against S. Aureus upon irradiation (black) and in
dark condition (red).
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Figure S53 Dose response fittings for Ru-DIP-O3 (black) and Ru-DIP-O4 (red) activity against S. Aureus upon
irradiation.



Cultured in dark conditions

Untreated control Ru-bpy-0O4 [Ru(DIP),phen]?

Figure S54 SEM images of S. aureus treated with control compounds in dark conditions (for comparison with active
compound in main text).

Cultured after irradiation

Ru-bpy-04 [Ru(DIP),phen]?*

Figure S55 SEM images of S. aureus treated with control compounds and subsequent irradiation (for comparison with
active compound in main text).
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