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1. ESI mass spectra, ESI-TWIM MS plots, and drift time distributions of Ru(Il) complex GO.
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Figure S1. (a) ESI mass spectrum of GO. The insets in the mass spectrum show experimental (top) and

5 calculated (bottom) isotope distributions. (b) Two-dimensional ESI-TWIM MS plot (mass-to-charge
ratio vs. drift time) of GO measured at a traveling wave velocity of 350 m/s and traveling wave height
of 8.5 V. The charge states of intact assemblies are marked.
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2. ESI MS, ESI-TWIM MS plots, drift time distributions, and gradient tandem MS of
Ru(ID/Fe(1l) complex G1Ru4Fel.
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Figure S2. (a) ESI MS of G1Ru4Fel. The insets in the mass spectrum show experimental (top) and
calculated (bottom) isotope distributions. (b) Two-dimensional ESI-TWIM MS plot (mass-to-charge
ratio vs. drift time) of G1Ru4Fel measured at a traveling wave velocity of 350 m/s and a traveling

5 wave height of 8.5 V. The charge states of intact assemblies are marked. (¢) Two-dimensional ESI
gMS? TWIM plot of m/z 1058 (4+) from G1Ru4Fel (PFs , as counterion). The m/z-1058 ion was
mass-selected by the Q analyzer and subjected to CAD with Ar atoms in the trap cell at collision
energies varying between 6-50 eV. The ions exiting the trap were separated by size through the TWIM
device at a traveling wave velocity of 350 m/s and a traveling wave height of 8.5 V, and the separated

10 ions were transferred to the ToF region for m/z analysis. The plots display a narrow m/z window
around m/z 1058 to show how the intensity of the assembly G1Ru4Fel (PFs , as counterion) is
depleted as it undergoes increasingly energetic collisions.
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3. Gradient tandem MS of Ru(ll) complexes G1RuU5.
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Figure S3. Two-dimensional ESI gMS? TWIM plot of m/z 1069 (4+) from G1Ru5 (PFs , as
counterion). The m/z-1069 ion was mass-selected by the Q analyzer and subjected to CAD with Ar

5 atoms in the trap cell at collision energies varying between 6-65 eV. The ions exiting the trap were
separated by size through the TWIM device at a traveling wave velocity of 350 m/s and a traveling
wave height of 8.5 V, and the separated ions were transferred to the ToF region for m/z analysis. The
plots display a narrow m/z window around m/z 1069 to show how the intensity of the assembly G1Ru5
(PFe , as counterion) is depleted as it undergoes increasingly energetic collisions.
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4. 'H NMR, *C NMR, MALDI-ToF MS, and COSY NMR spectra of the ligands and metallo-
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1ndzs :ecusnbss SsTNJ

TO0 SZTITOTOZ § :ar eTdureg

PT3 IWaIGZTTOTAdISTII/Buesl/owoy 8114



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

s1SA[EUYXO) SOIUOHE(] Jaynig

0LoZ/9/L ) paLd

WY L2701

EA

¥0
90
80
-0}

Intens. [a.u.]

-
\S]

—
<
.Y

0?/‘.

772.328

U?L

0?!.

OCI)Q

018

OIZS

05[29

0?9

MALDI-ToF mass spectrum of T3.

2 Do)
L JUBILLIOT)

9100 zpuebi

LILIN 0\4 S0ZOL\AWOYMaANIE

;eo\:c_/

Tt




Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

. g
| 0
| o
| §
' g
o :
" | 8.755
S L i —_ R / 8.747 3
al | = = 8.724 K]
- } I . 8.708 =
o | — 8.431
] |
i
o o 7.913
=] — - 7.898
=) L‘ 7.884
« | lt 7.373
° e (7,362
b | —/— 734
I L 7.270
=
|
1
o
|
|
-
|
|
|
Ll
|
|
|
|
|
W
|
|
|
- |
° |
el
i | e e - 1.957
N
!
1
|
-

'H NMR spectrum of MT3.

teTTd

TO ¥OTTOTOZ & :QI eTdues

PTF " POTTOTHMNHTAYIow: X3 713/ 6uenl /ewoy/



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

)
=3
o |
R
©
o |
|
=
o
o1 , 156.321
| - ) T 156.013
[‘-—-- 152.296
- 149.413
: |
I - ,-138.352
e { — - -~ 136.963
— 132.416
[ S — ,—123.950
O --122.302
[ — : L-121.342
o
=3
=3
|
1
w
o 77.655
- 71.230
| v 76.805
|
|
|
|
o |
o i
|
|
'S 1
°
|
» |
o 19.845
|
i
1
1
§ i

3C NMR spectrum of MT3

Indzs :edcusnbas °STNJ

10T 68w/ bueal /ooy /—reTTd

€10 UT SUSZUSQTAUISWSTIFSUTPTIAAISISTII T6SW UMWN DET

xd.

TAYIOWTIFSUTPT

PTIET



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

sisfleuyxal) Souoye( Jaxynig

pajund

0LOZ/9/L L

WY 8¥'EC.01L

20
F¥o

90

870

Intens. [a.u.]

pOIX

-
o

006
1

056
1

814387

MALDI-ToF mass spectrum of MT3.

Z Usuiuion
£ JUBLLILIGD

4104 ¢puebn

]

OHMGN\BWG\#I

naL1 0Nz peL01SW




Electronic Supplementary Material (ESI) for New Journal of Chemistry

This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

ST°9 85°S

L6"S 009

§8°TI
vE"9

88C&"S
08°59° 0T

vZ 0T

o {
|
1 —— 4.747

L — 3.961

e —2.572

wdd

'H NMR spectrum of GO.

F

fewoy 1eTTd

Indzs :souenbsg ®STY|

T0 9ZITOTOZ § +AI ST

PTF mousZTT0TYS TyAsooAdloow: sTx /Buenl



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

09 08 00T 0ZT 0FT 09T ._EEEn‘

oy

0z

wdd

- ~162.905
159.233
_— — /- 156.760
- — . / 156.197
— ;- 152.940
— 152,758
 — -~ ~-150.878
\149.949
. S . 139.317
fAA— - +.-138.177
: 135.512
130.044
129.489
= = S 7 128.949
C . 128.856
- - 126.476
126.313
r \ \-125.784
- 121.715
~ 115.933
—78.879
P—— ——/_ 78.620
. 78.361
56.083
/ —da.e61
— 9.4
48.809
\_48.639
- 20.917

/

49.320
49.150

/48,980

3¢ NMR spectrum of GO.

1ndzs :ecusnbes oSTNJ

:qr oTdures

9ZTTOTOZ 8§

T0

PT3cMewuUSGZTTOTYS TUAsooAdaosw: sTa3 /Buenl /ewoy :oTTd



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

sishleuyxay} saluojeq Jaynig

.pajund

WY 9¢2:¢€:8 _Qloe/pie)

ooot

00§1

0052

000¢

Q0se

Zjw

o

intens. |

0008

ulj

0002

[ o [}

[=] [==] [=)

o [} (=

5 g s
F—1356‘447
3
To— 2857.803

MALDI-ToF mass spectrum of GO.

2 WBLILOD
| JuBLLLOD)



Electronic Supplementary Material (ESI) for New Journal of Chemistry

This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

0T

ndps :eonenbeg SSTNA

ST A

1.369

'H NMR spectrum of T2Rul.

e i 7K@
—
3.9p3
3.316
/ 3.313
e - - 3.310
3,307
3,304



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

Tndzs

[¥)
o | g
o | 8
| w
' g
| 8
| o
[T «
©
o |
|
|
|
(=Y
o
o |
|
=
-
o
|
i
!
(5]
o
|
..116.059
[ury
= {
o |
1
|
|
1
| 79.005
b= I S _....78.748
| 78.486
i
i . 56.150
S | / 49.665
| 49.494
/ 49.324
/ / 49.150
) / / / 48.980
~ 48.803
\ 48.628
| . 48.639
&
=)
|
|
|
B
[= 1
|
|
§ \
|

3C NMR spectrum of T2Rul.

19TTd

dure®

ar eT

TO 600TO0TOT ®

PT3 TUowWg0§-0TOTOTT-STa3: Ad3oyo/buenf /swoy/



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

sisAlELYXa) SOILUOYB(] Jaynig

0L0Z/gr0L

WY gl:9e: 11

‘pajuld

Intens. [a.u.]
a3

iy - L] [\¥]
[S:] o (4.3 o o o
o =] < < =] (=]
o o o (=] o (= o
H I L 1 P !
—
(=3
[=]
L=
E
1212.508
1357.482
e
cn_J
[=]
=]
4
S
=
o
(]
|
o
(=]
W
(=
(=]
o
w
|
o
Q
s
o
(=]
o]
a- 4
N f

MALDI-ToF mass spectrum of T2Rul.

2 JusiLon)

} JUSLWOY

sUL+Ad10EHD

LN 0027 56501 19WoqMONBIRQ\:Q




Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

10

Sampie ID: s 30101015 01
Pile: s 20107015 01/data/cdlod_02
Zatomation directory: /export/exec/vnmrsys/data/aute_2010.10.15_19
sulse Sequence: COSY
Sompe5t.592°7 200.1

. . 1 K
sample #18, wang
FilTe: caz0q ghorarer: 3

¥-uakron.edu”

Relax, delay 1.000 sec
Acq. time 0187 sac S
Width

128 i nte
OBSERVE H1l, 499.7896160 MHz r
DATA ESE F2
P DATX BRoCESEING {ppm)
Sine bell 0.047 sec |
FT size 2048 x 2048 {
ime 2 hr, 45 min, 45 sec l 1
! 2
|
3
I
— 4
|
. B |
=
5
6
7-
8-
9
10

LI
PR
.
D Y
0
B
g .

COSY NMR spectrum of T2Rul.



Electronic Supplementary Material (ESI) for New Journal of Chemistry

This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

SE'LI"E
TIT°T

EV €£60°S
Lz L TYE

06

0T

wdd

9.679
9.416
9.199
9.125
9.109
9.099
8.871
8.854
- 8.834
e 8.820
‘ // 8.810
——— 8.259
8.242
8.109
// 8.094
// 8.077
| // 8.061
. // 8.043
; 8.026
= 8.010
7.756
7.652
/) 7.641
e 7.586
s \ 7.564
7.554
== \7.350
; 7.337
‘ 7.324
7.311
7.290
{ 7.273
1
SN 3.987
3.313
SR B V7T
3.307

= 1.266

'H NMR spectrum of T1Ru2.

4.743

:eousnbeg osTnd

Tndzs

$oTTd
s

tar et

TO LZOTOTOZ &

PT3" £IOP2:qOWQ0SPOOSLZ0TOTZ-STI3 : Ad30yD /Suesl /swoy



Electronic Supplementary Material (ESI) for New Journal of Chemistry

This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

ooz

08T

0T

0ZT

00T

08

134

(+}4

i

09T

09

116.159

56.198
/ 49.661
/ 49.609

"\ 48.639

3C NMR spectrum of T1Ru2.

Indzs :souenbes esInd

PTF UHNDETOP2 :qOW) 0SPOOSLZOTOTZ -8 TX3 rAd30oyo/Buesl /emoy (9TTd

3

:dI ST

LZOTOTOZ §

T0



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

sisAleuyxay soUOYEQ JaynLg

‘pajuud

Wd 01:5E'S  DLOZ/E/LL

Intens [a.ul Q Q
g 5 2 [ @35
o o (=]
4 L 1 i 1 =23
] N -
=
(=)
(=]
B o
o
j b
8 1)
i S
N N
o N
o o
= )
A w
[+
] 3
=3
4 1]
R
Q|
<
[
i
o
o
- w
I
5‘1940.441
ho N
[= 0N
[=]
(=)
ﬁ 2087.413
.
M~
[%)]
(=)
.
(.8
[
[=]
%
~_|
(%2
o
W
(=2
e ]
L=
2 ]
)

MALDI-ToF mass spectrum of T1Ru2.

MLZIT 0\ 0690 L 19woNmaNeIeqy:O




Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

Sample ID: s_20101027_01
File: home/3wang/

Pulse Sequence: COSY
Solvent: cdlod |

. 300 € 7 303.1 % |
Samp. »_ Opera:

File: colxcho:tzilggtlméncl 10128 | { '
Mercury-300BB  *m300-02.chemistry.uakron.edu"

-2 1310128. £id |

Relax. delay 1.000 sec
Acq. time 0168 sec

— : +

COSY NMR spectrum of T1Ru2.



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

0T

60°8

0B88L
YE'B 6T ¥ LZ'9 00°F

L L6"L

SEILETL™9 LO°6T

9ET G589V

4.775

zT
T

PR R = 3,985

96
 —,
|
|
L
|
w
w
B
®

wdd

w
N %

—
g (

'H NMR spectrum of G1RUS5.

L

107

il

:ecusnbeg oS8T

ndzs
TO OTTOTTOZ § :dI °T

PTF 0TTOTTW00SUTZ-OY2FOTISWIPNLI/Suenl /euoy/



Electronic Supplementary Material (ESI) for New Journal of Chemistry

This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

09T

09 00T 07T

oy

114

wdd

[ I

o

il

T

T

\

125.724

123.659
123.589
121.715

116.041

,56.139
/49661
- // ;—49.491
/ /49,435
/ ; -49.320
L . 49.265
— - L/ —43.150
\ \ \48.980
\ 48.809
- 48.639

3C NMR spectrum of G1RUS5.

:eouenbes esTnd

Tndzs

erTa

TO OTTOTTOZ 8 QI eTdwes

PT3* TwuS0TTOTTWOQSUTZ-oydFozewrpnz/Suenl /emoy/



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

patand sIsAfeUyXa|} 5o1U0y (] JE3NIG

WD G¥:2k:) JI0Z/EL/TL

0Q0e

- 0001

gooe

000€

000v

—2282.327

4707.72%

Intens. [a.u]
(&)

- 000

MALDI-ToF mass spectrum of G1RuUb.

Z JUBULLI0:

/

(97 (=]
g ped
=]
3 o
oD Cnd
3 =
-t -':
s
o
=1
e
=9
[ 5]
—
[X}
[
o
4
|°
n
\l
d
—
l-l
=
‘c
£_
=
—




Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

(Ppm) ]

N

w

S

w1

o
v b b b b b L
+

~

=
=} © ®
IR
.

>

. .

. L]

.

-
[
|

i
i
=
o
©
[
~
s
«n
FS
w
N}
-
|
o

F1 (ppm)

COSY NMR spectrum of G1Rub5.




Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

s2°v 00y

692'[ 9z ZEZ¥'8
O
t |
1
(-
[
I
NS
\\ el
©
Lenle, @87
Bmehi
ey
0 UI:

~
© e -
n |
|
|
-
:;! } L&A;:
! 0 ——
~
o 1
w ! Cmm—
[Tl | [
an i ———
&5; [u — =
B =

|
|
[} |
[
. A — — _— 4.781
|
|
B ool
w | S
" | r 3.983
N
i LF"T_ _ . 3.348
| { o - v 3.310
-
ui |
| {
1
|
|
p
|
|
|
1
[
R

'H NMR spectrum of G1Ru4Fel.

Tndzs :eouenbes esTng

FOTTd

[ yowoy /

PT3°LOZOTTIZ-OUPFOISWIPNIRL /Buen)
T0 LOZOTTO0Z § :QI eTdwes



Electronic Supplementary Material (ESI) for New Journal of Chemistry

This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

00z

08T

09T

08 00T []-4%

09

oz

oy

,163.112
/-161.902
/ ~ 159.666
' 159,410
= //-159.381
A - 157.008
[ / 1s6.a12
- 153.928
— - - 153.521
152.766
—_— \ 151.048
150.023
148.783
, 141.039
e — - 140.780
T . o - 140.139
139.491
% 139,303
,—130.378
130.192
— e 3\ -130.133
= W\ 129.700
S A I \\ 129.004
- \ 128.849
Wi 126.546
\\ 125.780
- 123.674
\\ 123,481
121.771
116.044
-79.075
— 78.812
78.553
;56,139
49.665
] / / as.5609
, 49.494
/493
49,320
/48150
K . 48.980
48.809
48.639

3C NMR spectrum of G1Ru4Fel.

:eouenbes @3TNd

ndzs
PT3 80TZ0TTIWUSZ-OYdJoTeurpniay/Suenl /ewoy/ :OTTJ

:ar eT

TO LOEZOTTOZ &



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

00 SR ﬂ M

F2 ]
(ppm) 4
1] .
] s
2]
3]
&
4 &
5 : . 4
6]
7.
] °u
o L ]
el -
8 v & L]
] ° °
P, 9_‘ L3
4 .o a
E o *
- 10 Q’
11]
I T I T L2 I I I | T T
11 10 9 8 7 6 5 4 3 2 1
F1 (ppm)
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5. Pertinent X-ray data for GO and MT3.

Diffraction data for MT3 were collected at T=100K on a Nonius KappaCCD diffractometer
5 equipped with Mo Ko radiation (1=0.71073 A). Refinement was by full-matrix least squares using
SHELXL, with H atoms in idealized positions, and one Me group having its H atoms disordered into
two sets of positions. Crystal data for MT3: CssH3gNg - 2 CHCI3, monoclinic space group C2/c,
a=16.380(3), b=13.469(2), c=22.139(4) A, B=95.722(6)°, V=4860.0(14) A3, T=100.0(5) K , Z=4,
Peacd=1.439 g cm™, u(MoKa)=0.40 mm™. A total of 32,549 data was collected at 6=30.5°, Rj=0.026.
10 Refinement yielded R=0.044 for 5849 data with I>2c(I) of 7390 unique data and 324 refined

parameters. The molecule lies on a crystallographic twofold axis.
Diffraction data for GO were collected at T=100K on a Bruker CCD diffractometer equipped
with graphite-monochromated Mo Ko radiation (A=0.71073 A). The structure of GO which lies about a
threefold rotation axis was refined by full-matrix least squares using SHELXTL, with H atoms in
15 idealized positions. Crystal data for GO: Ci20HgoN1503Ru3, 6(NO3) - 12 CH30H, trigonal space group
R3c, a =31.823(7), b=31.823(7), c=21.495(5) A (hexagonal axes), V=18851(8) A%, T=100(2) K, Z=6,
Peacd=1.528 g cm®, u(MoKa)=0.448 mm™. A total of 37,791 data was collected to §=23.5°, Rin=0.124.
Refinement yielded R=0.0603 and an absolute structure parameter (Flack) of 0.32(6) for 3126 data
with [>26(I) of 4121 unique data and 472 refined parameters. Contribution to the structure factors



Electronic Supplementary Material (ESI) for New Journal of Chemistry
This journal is © The Royal Society of Chemistry and The Centre National de la Recherche Scientifique 2012

from the disordered solvent and one of the two independent nitrate ions was removed for refinement
using the SQUEEZE technique.



