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A. Structure of [Ru''(ter py)(bipy)CI]Cl in solution as deter mined by NM R spectr oscopy

Numbering scheme of terpy and bipy ligands usedfdR characterization

IH NMR (DMSQy):5 10.09 (d, 1H, J = 5.6 Hz, Ha), 8.92 (d, 1H, J 218z, Hd), 8.82 (d, 2H, J =
8.1 Hz, H3/H5"), 8.70 (d, 2H, J = 8.1 Hz, H3/H39,64 (d, 1H, J = 8.1 Hz, Hg), 8.35 (td, 1k =)
8.0 Hz, 3 = 1.4 Hz, Hc), 8.21 (t, 1H, J = 8.0 Hz, H4’), 8.@Rld, d = 7.0 Hz, 4= 5.6 Hz, = 1.3
Hz, 1H, Hb), 7.98 (td, 2H.¥ 7.6 Hz, 3= 1.4 Hz, H4/H4"), 7.77 (td, 1Hy & 7.6 Hz, 3= 1.5 Hz,
Hh), 7.61 (d, 2H, J = 5.6 Hz, H6/H6"), 7.37 (ddd,=)7.1 Hz, d = 5.5 Hz, d = 1.3 Hz, 2H,
H5/H5”), 7.31 (d, 1H, J = 5.6 Hz, Hj), 7.08 (ddd=J7.3 Hz, 3= 5.8 Hz, 3= 1.4 Hz, 1H, Hi)

13C NMR (DMSQu): 5 158.9 (C2/C2"), 158.8 (Cf), 158.0 (C2'/C6’), 156Qe), 152.4 (Ca), 152.3
(C6/C6”), 152.0 (Cj), 137.5 (C4/C4"), 137.1 (CcBELO (Ch), 134.3 (C4’), 127.9 (C5/C5"), 127.4
(Cb), 126.9 (Ci), 124.2 (C3/C3”), 124.2 (Cd), 1240y), 123.1 (C3'/C5)



15\ NMR (DMSQy.): & —91.9 N(IV), -117.2 N(I1),-127.6 N(I),~129.6 N(Il[)/N(V)

Coordination shift of terpy N signals vs free ligan dmso:
ANy =-56.6 ppm
ANy =-8.3 ppm
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'H NMR

Date_ 20150706

Tine 14.15

NSTRUM spect

PROBHD 5 mm DABBL 1H/

PULFROG g

140976

SOLVENT onso

NS 16

DS 2

swi 12097.744 Bz
0.100001 s

!
s® 700.2700221 MHz
[ | | £
ssB 3
3 0.00 Hz
o8
ES 5.00

BCNMR

— a0
22,925

e WWLWMMMW»WW%JJWWM M

137 136 135 134 133 132 131 130 129 128 127 136 125 124 ppm

98
156,143
o

l\J J/ N

‘W, w»mw}mrmjwww«mwmww

A

165 160 155 150 145 140 135 130 125 120 115 110 105 100 95 90 85

ppm

e

T T T v T T T 1
80 75 70 &5 60 Ss 50 45 40 35 30 25 ppm




IH-3C HMBC NMR
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H-BN HMQC NMR
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Numbering scheme of terpy and en ligands used fdRNharacterization

IH NMR (DMSQue):3 9.15 (d, 2H, J = 5.5 Hz, H6/H6”), 8.60 (d, 2H=3B.0 Hz, H3/H3"), 8.56
(d, 2H, J = 8.0 Hz, H3'/H5’), 8.02 (td, 2H; 3 7.7 Hz, 3= 1.4 Hz, H4/H4"), 7.77 (t, 1H, J = 7.9
Hz, H4"), 7.71 (ddd, 2H,.3= 7.1 Hz, 3= 5.6 Hz, 4= 1.3 Hz, H5/H5”), 6.20 (t, br, 2H, J = 5.8 Hz,
NH2(11)), 3.02 (m, 2H, Hb), 2.78 (t, br, J = 5.2 HzH¥1)), 2.11 (m, 2H, Ha)

13C NMR (DMSQye): & 161.5 (C2/C2”), 161.5 (C2'/C6'), 154.4 (C6/CH’136.5 (C4/C4”), 129.1
(C4’), 127.7 (C5/C5"), 123.7 (C3/C3”), 122.4 (C353, 46.5 (Ch), 46.2 (Casplit
15N NMR (DMSOQus): & -78.7 N(IV), -128.5 N(II1)/N(V), -375.4 N(II), -39.2 N(I)

Coordination shift of terpy N signals vs free ligan dmso:
ANnuyv =-55.5 ppm



ANy = 4.1 ppm
NMR spectra
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!H-3C HMBC NMR
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IH-’N HMQC NMR
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Table S1. Dependence okos On temperature for the reaction of [Ru(terpy)(Bip¢O)]?* with

chloridéeé
T,°C 10%kobs St 10%k1, M1s? AH? kI mol! AS, J KImolt?
20.2 0.53 + 0.03 0.211 78 £ 2 -46+5
29.6 1.66 + 0.03 0.666
39.4 4.94 + 0.02 1.97
49.3 125+0.1 5.01

@ Experimental conditions: [Ru(ll)] = 7.1 x T0M, [CIT] = 2.5 M, = 2.5 M (NaCl).

Table S2. Dependence okos On temperature for the reaction of [Ru(terpy)(Bip¢O)]?* with

thioured
T,°C 10%obs ST 10z, Mtst AH? kImol' AS, JK mot?
26.4 0.18 +0.02 0.60 829+08 -29+2
30.9 0.35+0.03 1.16
36.3 0.62 +0.04 2.08
43.6 1.33+0.01 4.42
51.8 3.01 +0.02 10.0

@ Experimental conditions: [Ru(ll)] = 5.9 x TOM, [TU] = 0.3 M,| = 0.1 M (NaNQ).

Table S3. Dependence oksps On temperature for the reaction of [Ru(terpy)(eiad)]?* with

thioured

T, °C 10%Kobs, S* 10%kz, M1st AH? kI mol' A, J K mol!
10.8 1.53 +£0.02 7.64 65+2 -55+6
16.0 2.76 £ 0.01 13.8

20.5 4.29 +0.05 21.4

25.5 7.53 +£0.01 37.7

30.5 11.2+0.2 56.2

34.8 16.0 £ 0.2 80.1

@ Experimental conditions: [Ru(ll)] = 1.2 x oM, [TU] = 0.2 M,1 = 0.1 M (NaNQ).



Table S4. Dependence okops On temperature for the reaction of [Ru(terpy)(eiad)]?* with
cyanidé

T, °C 10%obs St 10%s, Mgt AH?, kI mol'  AS, J K!mol!
11.5 2.28 £0.03 455 83+2 +2+6
17.7 450 +0.01 9.00

22.4 7.90 £0.01 15.8

27.7 154 +0.2 30.7

31.3 224+ 05 44.7

@ Experimental conditions: [Ru(ll)] = 1.9 x 0, [CN] = 0.05 M, pH = 10.5| = 1 M (NaNQ).



Table S5. Summary of computational data for water exchalegetions on complexes of the type [Ru(terpy)(N®H§)]>*. All ZPE corrections
were derived from the B3LYP/def2svp-calculation§:@round state, TS: transition state

[Ru(terpy)(bipy)(HO)]?* + H.0 Etot (GS) ZPE (TS)
[a.u.] [kcal mol]
B3LYP/def2svp -1484.34842 278.14
B3LYP/def2tzvp//B3LYP/def2svp -1485.87659 278.14
B3LYP(CPCM)/def2tzvp//B3LYP/def2svp ~ -1486.07068 218
wB97XD/def2tzvp//B3LYP/def2svp -1485.39353 278.14
wB97XD(CPCM)/def2tzvp//B3LYP/def2svp -1485.58665 278.14
[Ru(terpy)(en)(HO)]** + HO Eot (GS)  ZPE (TS)
(H2.0OH2NR) [a.u.] [kcal molY]
B3LYP/def2svp -1179.67674 249.64
B3LYP/def2tzvp//B3LYP/def2svp -1180.88637 249.64
B3LYP(CPCM)/def2tzvp//B3LYP/def2svp ~ -1181.09945  B®
wB97XD/def2tzvp//B3LYP/def2svp -1180.52312 249.64
wB97XD(CPCM)/def2tzvp//B3LYP/def2svp -1180.73480 piciit]
[Ru(terpy)(en)(HO)]** + HO Eot (GS)  ZPE (TS)
(H2OH,0) [a.u.] [kcal molY]
B3LYP/def2svp -1179.68161 249.84
B3LYP/def2tzvp//B3LYP/def2svp -1180.89147 249.84
B3LYP(CPCM)/def2tzvp//B3LYP/def2svp ~ -1181.10494  BW
wB97XD/def2tzvp//B3LYP/def2svp -1180.52738 249.84
wB97XD(CPCM)/def2tzvp//B3LYP/def2svp -1180.73959 8D

Etot (TS) ZPE (TS) AEot AZPE AE
[a.u.] [kcal mol!] [kcal mofY] [kcal motl] [kcal mofY]
-1484.31095 277.08 23.51 -1.06 22.46

48%.84246 277.08 21.42 -1.06 20.36

-1486.03999 277.08 19.26 -1.06 18.20

48%.35949 277.08 21.36 -1.06 20.30

-1485.55585 277.08 19.33 -1.06 8.271

Eot (TS) ZPE(TS)  AEu AZPE AE
[a.u.] [kcal moltY] [kcal mofY] [kcal motY] [kcal mofY]
-1179.64548 248.92 19.61 -0.72 18.89

180.85924 248.92 17.03 -0.72 16.31

-1181.07502 248.92 15.32 -0.72 14.60

180.49519 248.92 17.53 -0.72 16.81

-1180.70959 248.92 15.82 -0.72 15.10

Eot (TS) ZPE(TS)  AEu AZPE AE
[a.u.] [kcal moltY] [kcal mofY] [kcal moltY] [kcal mofY]
-1179.64548 248.92 22.67 -0.92 21.75

180.85924 248.92 20.23 -0.92 19.30

-1181.07502 248.92 18.77 -0.92 17.85

180.49519 248.92 20.20 -0.92 19.28

-1180.70959 248.92 18.83 -0.92 17.91
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[Ru(terpy)(enMe)(H20)]?* + H.0

B3LYP/def2svp
B3LYP/def2tzvp//B3LYP/def2svp
B3LYP(CPCM)/def2tzvp//B3LYP/def2svp
wB97XD/def2tzvp//B3LYP/def2svp
wB97XD(CPCM)/def2tzvp//B3LYP/def2svp

Eat(GS)  ZPE (TS)
[a.u.] [kcal mol]
-1258.22194 285.10
-1259.51685 285.10
-1259.72423 285
-1259.13554 285.10
-1259.34172 28b

Eot(TS)  ZPE(TS)  AEw AZPE AE
[a.u.] [kcal molY] [kcal mofY] [kcal motl] [kcal mofY]
-1258.18508 284.40 23.13 -0.70 22.43

259.48259 284.40 21.50 -0.70 20.80

-1259.69428 284.40 18.79 -0.70 18.09

-1259.10210 284.40 20.98 -0.70  0.2&

-1259.31246 284.40 18.36 -0.70 17.66

11



Intens
x104
1.04

0.8+

0.6+

0.4+

024

0.0

Intens.
x104
1.0

0.8+

0.6+

0.4+

0.2+

0.0

Intens

2000

1500

10004

500+

1)

a)

259.5371

[Ru(terpy)(bipy)(N)]**

5:

" {[Ru(terpy) (bipy) (OH)]" + H,0}

2348.3485

250 500 750 1000 1250 1500

1750 2000 2050 miz

b)

259.5371

[Ru(terpy)(bipy)(N)]**

256.5385

254.5406
Y

260.5377

|

252 254 256 258

260

262 264 miz

[Ru(terpy)(bipy)(OH)]

508.0701

502.0726 520.0393

N

(L))

526.0370

{[Ru(terpy)(bipy)

495 500 505 510 515 520

Figure S1. ESI-MS spectra of [Ru(terpy)(bipy)6a)]%*.

525 530 535 mz

OH)T" + H.0}

12



Intens ] a)

8000+

6000+

4000+

2000+

0

211.5389

)

[Ru(terpy)(en)(N)]**

430.0378 {[Ru(terpy)(en)(OH)I + HZO}

2348.3480

0

250

500 750 1000 1250 1500 1750

2000

2250 miz

Intens

8000+

6000+

4000+

2000+

b)

211.5389

[Ru(terpy)(en)(N)]**

211.0401
212.5391

210.5391

210.0395

212.0394

208.5401
213.0396

209.5376

213.5406
)

207

208 209 210 212 213

214

215 mz

800+

600+

400+

200+

[=}

[Ru(terpy)(en)(OH)]

406.0751

430.

412.0741

414.0726

424.0445

N

B

L |

T {Ru(terpy)(

432.0381

434.0387

I

en)(OH)] + H.O}

405

410 415 420 425 430

Figure S2. ESI-MS spectra of [Ru(terpy)(en)§@)]>".

435 m/z

13



kobs= (2.08 + 0.01) x 1§TU] P
10 4 //
. e
. ~
T e
;,:6 6 - //
= e
4 //0’
el
2 1 e
0 = - : : : : : .
0 0.1 0.2 03 0.4 0.5 0.6
[TUL, M

Figure S3. Plot of kos versus thiourea concentration for the reaction of

[Ru' (terpy) (bipy)(HO)]?* with thiourea. Experimental conditions: [Ru(ll)]5:9 x 10° M, | =
0.1 M (NaNQ), T = 36.3 °C.
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Figure S4. Plot of kebs Versus thiourea concentration for the reactiofRof' (terpy)(en)(HO)]?*
with thiourea. Experimental conditions: [Ru(Il)]1=2 x 16* M, 1 = 0.1 M (NaNQ), T = 25 °C.
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15 4

5 | kobs= (2.91 +0.05) x 16[CNT]
—:'.J"J' 9 -1
5
2 B
3 -
O T T T T T
o 0.01 0.02 0.03 0.04 0.05
[CN], M

Figure S5. Plot of kops Versus cyanide concentration for the reactionRaf' (terpy)(en)(HO)]**
with cyanide. Experimental conditions: [Ru(ll)] 91x 10* M, pH = 10.25] =1 M (NaNQ), T
=25 °C.
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Figure S6. 54.24 MHz’O-NMR spectra of 0.03 M [Riterpy)(en)(HO)]** in aqueous solution
containing 30% (v/v) of 10%-enrichédOH, and 0.1 M MnS@ The spectra were recorded in the
temperature range from 313.2 to 372.9 K and aredabelt of 30k (30720) scans using a relaxation
delay of 0.15 s, an acquisition time of 0.1 s amqpluse width of 16.7is in the quadratic detection

mode.
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