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Optimized geometries used in quantum chemical calculations

CO

6 -1.664731000  1.072138000  0.080799000
8 -0.770328000 1.610416000 -0.368701000
CpFe(CO),

6 -3.321146000 -0.471629000  1.105948000
6 -2.176827000 -1.339810000  1.269103000
6 -1.734912000 -1.733425000 -0.025980000
6 -2.554483000 -1.079915000 -0.989792000
6 -3.553669000 -0.312644000 -0.281487000
1 -3.886749000 -0.010505000  1.909432000
1 -1.748957000 -1.655159000  2.215654000
1 -0.877832000 -2.365269000 -0.242153000
1 -2.463912000 -1.162029000 -2.068498000
1 -4.329848000  0.293072000 -0.738287000
26  -1.602204000  0.400992000  0.198043000



8 -1.455667000  2.543898000
8 -0.803063000  2.098274000
6 -1.086911000  1.420669000
6 -1.478420000  1.688229000
[CpFe(CO),|

6 -3.447599000  -0.585206000
6 -2.205345000 -1.301278000
6 -1.674262000 -1.593531000
6 -2.590499000 -1.040200000
6 -3.686513000  -0.423884000
1 -4.076607000 -0.218657000
1 -1.734331000  -1.547670000
1 -0.772042000 -2.157069000
1 -2.464871000 -1.052189000
1 -4.533293000  0.084338000
26 -1.841922000  0.495919000
8§ -1.094980000  2.478704000
8 -0.503557000  2.069442000
6 -1.049916000 1.432412000
6 -1.398862000  1.673619000
[CpFe(CO);Mn(CO).J-

6 -2.725504000 -0.711614000
6  -1.411627000 -1.154369000
6 -0.605506000 -0.000007000
6 -1.411631000 1.154352000
6 -2.725507000  0.711594000
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-1.076080000

-1.353704000
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-1.778151000
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1.273810000
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-1.927031000
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-1.927038000
-1.540667000
-1.277492000
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0.436057000
-1.076089000
-3.560846000

-0.000006000
2.185080000
1.353682000

26 -1.308273000  -0.000003000
25 1.343589000  0.000003000
6 1.773013000  0.000009000
6 3.006821000  0.000005000
6 1.203419000  1.802796000
6 1.203425000 -1.802791000
8 4.116622000  0.000006000
8 2.107142000  0.000012000
8 1.159633000  2.955657000
8 1.159642000 -2.955653000
8§ -1.523570000  2.066479000
8 -1.523562000 -2.066473000
6 -1.386207000 -1.235934000
6  -1.386212000  1.235936000
[CpFe(CO)Mn(CO)s|-

6 -2.806064000 -0.698170000
6  -1.958931000 -1.821620000
6  -1.957371000 -2.111088000
6 -2.798281000 -1.182991000
6 -3.295711000 -0.271229000
1 -3.046156000 -0.250133000
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0.027613000
-0.724388000
3.149328000
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-0.531683000
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-0.142364000
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1.520027000
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6 1.339853000 -1.952060000
6 1.833368000  1.624447000
6 3.284136000 -0.423948000
6 0.641265000 -0.298803000
6 0.997368000  0.192977000
1.275967000 -3.103268000
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8 2.084797000  2.738781000
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6  -1.757899000 -1.774387000
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6  -3.550311000 -0.316830000
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1 -1.731432000 -1.665783000
1 -0.924356000 -2.429650000
1 -2.454331000 -1.157106000
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26 -1.587140000  0.401424000
25 1.698923000 -0.327666000
6 1.615682000 -2.134842000
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6 0.825564000 -0.225374000
6 1.313140000 -0.530520000
8  1.562635000 -3.298166000
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8 1.747896000  2.657327000

8 0.318610000 -0.225378000
§  1.124810000  -0.723099000
8§ -1.452369000  2.571728000
8§  -0.861902000  2.165947000
6 -1.102651000 1.447800000
6 -1.456646000 1.691898000
CpFe(CO),Mn(CO)s

6 -3.025814000 -0.708657000
6 -2.014713000 -1.701815000
6  -1.814385000 -1.820571000
6 -2.671084000 -0.894591000
6 -3.428503000  -0.200194000
1 -3.400183000 -0.380623000
1 -1.507128000 -2.273561000
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0.749544000
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-1.853955000
-2.349213000
-3.235131000
-3.260360000
-0.992970000
1.226053000
2.518358000
0.907631000
-0.308476000
2.514706000
0.868162000
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-2.144758000
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2.152945000

2.389715000
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1.156424000
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-1.376194000
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[CpFeMn(CO)4]" (no bridging CO ligands)
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-2.669638000
-1.319524000
-0.461120000
-1.319457000
-2.669599000
-3.546080000
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-0.991999000
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-0.000006000
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1.573330000
2.879442000
1.194609000
1.194729000
3.980148000
1.813483000
1.303287000
1.303525000
-1.378425000
-1.378016000
-1.455975000
-1.456251000

0.000052000
0.000094000
1.860472000
1.860447000

0.000074000
0.000076000
3.000514000
-3.000477000
2.218518000
-2.218245000
-1.346688000
1.346845000

1.630868000
-0.622024000
-0.076220000
-0.076215000
-0.952076000

2.754733000
-0.016511000
-0.016488000

1.960015000

1.960302000

1.216698000

1.216534000

[CpFeMn(CO)4]* (3 bridging CO ligands)

A O O &

26

AN O O

-2.692932000
-2.908939000
-3.028844000
-2.888488000
-2.682715000
-2.553229000
-2.969134000
-3.198635000
-2.932339000
-2.530855000
-1.107126000
1.298606000
-0.330789000
1.979733000
2.416787000
-0.319534000

1.052612000
-0.285652000
-1.139382000
-0.315004000

1.033185000

1.925494000
-0.600504000
-2.211429000
-0.657574000

1.889791000

-0.228628000

0.289347000
-1.077376000
0.742668000
-1.244410000
-1.190670000

0.686194000
1.140746000
-0.001129000
-1.164494000
-0.740491000
1.316797000
2.178994000
0.011555000
-2.194694000
-1.390290000
0.002808000
0.001165000
1.369377000
-1.732277000
0.067682000
-1.279847000



1.967567000
-0.034907000
3.110938000
2.393299000
-0.011426000
2.373563000
-0.247219000
0.181795000

0.882652000
-1.716896000
-2.152287000

1.042949000
-1.907920000

1.268155000

2.855673000

1.780007000

1.696559000

2.286572000
0.107400000
-2.753208000
-2.132978000
2.691529000
-0.101269000
-0.061479000

[CpFeMn(CO)4]* (1 bridging CO ligand)
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3.205128000
2.357129000
1.860460000
2.413362000
3.229728000
3.737594000
2.125476000
1.214224000
2.208008000
3.785977000
1.261073000
-1.441768000
-1.284118000
-1.645435000
-3.251702000
-1.021261000
-1.212121000
-4.377238000
-1.801374000
-0.758232000

-0.317139000
-1.456896000
-1.534039000
-0.450060000
0.312536000
0.018474000
-2.149918000
-2.310156000
-0.216533000
1.208997000
0.308402000
-0.173404000
-2.033128000
1.684479000
-0.343844000
-0.182850000
-3.176957000
-0.449024000
2.814635000
-0.198192000

-0.721493000
-0.627200000
0.720757000
1.458854000
0.574814000
-1.606212000
-1.430997000
1.117224000
2.500269000
0.835026000
-0.203671000
-0.009508000
-0.039322000
0.072880000
0.249933000
1.720946000
-0.006637000
0.440121000
0.173783000
2.845802000
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1.553600000
-0.630803000
0.091789000
1.414283000

[CpFeMn(CO),]*

AN O N &N

-3.049388000
-2.089413000
-1.933912000
-2.764360000
-3.466850000
-3.389789000
-1.594409000
-1.276807000
-2.866596000
-4.185815000
-1.393030000
1.402023000
1.120427000
1.604154000
3.060930000
0.665265000
2.075725000
0.986357000
4.098046000
1.749227000
0.399438000
2.509623000
-1.674307000
-0.713934000

3.122691000
-0.106014000
0.044001000
2.033466000

-0.659563000
-1.708197000
-1.888639000
-0.942502000
-0.188103000
-0.287329000
-2.278075000
-2.607765000
-0.822440000
0.605525000
0.126869000
-0.086724000
-1.880140000
1.750724000
-0.435486000
-0.316334000
0.141790000
-2.995931000
-0.660720000
2.869255000
-0.492661000
0.271795000
2.714402000
1.466619000

-0.997409000
-2.417035000
-1.500416000
-0.663468000

0.938810000
0.730187000
-0.673840000
-1.342139000
-0.335693000
1.900736000
1.510192000
-1.154570000
-2.416680000
-0.518706000
-0.139272000
0.137050000
0.525276000
-0.169241000
-0.533677000
-1.564150000
1.876116000
0.759477000
-0.968358000
-0.361386000
-2.673584000
2.925662000
-1.487450000
2.370346000
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6  -1.529719000 1.697840000 -0.971088000



Table S1: Comparison of relative intensities of positive fragments produced by dissociative ionization of
CpFe(CO),Mn(CO)s between 30 and 60 eV. Relative DI intensities were calculated by integrating over the
isotope distribution of each fragment and normalizing it to the single CO loss fragment at 60 eV. As can be
seen here, the relative cross-section for each fragment increases with increasing incident electron energy.
This is as expected for dissociative ionization. The average CO loss per dissociation incident was also
calculated at each incident electron energy, as described in Table 2 within the text.

Mass Fragment 30 eV 40 eV 50 eV 60 eV
372 CpFe(CO),Mn(CO)s 25 59 117 160
344  CpFe(CO),Mn(CO), 14 37 66 100
288  CpFe(CO),Mn(CO), 6 14 22 29
260  CpFe(CO),Mn(CO) 10 22 42 60
232 CpFe(CO),Mn 60 153 288 430
204  CpFe(CO)Mn 54 156 298 416
195  Mn(CO)s 1 4 5 6
177 CpFe(CO), 76 210 362 512
167  Mn(CO), 1 4 6 9
149  CpFe(CO) 8 31 57 79
139  Mn(CO), 2 9 26 29
121 CpFe 90 290 503 641
111 FeMn/Mn(CO), 9 59 127 177
83 Mn(CO) 4 20 43 75
66 Cp 2 5 12 19
56 Fe 6 37 88 151
55 Mn 11 91 182 303
44 CO, 1 3 8 7
28 CcO 14 43 112 146
16 0) 0 0 2 2
Average CO loss (lower bound) 3 3 3 3

Average CO loss (upper bound) 5 6 6 6




Figure S1: Optimized structures of positive ions formed by dissociative ionisation of CpFe(CO),Mn(CO)s:
(a) ground state of [CpFeMn(CO),]*, (b) ground state of [CpFeMn(CO);]* with one bridging carbonyl, (c)
excited state of [CpFeMn(CO),]" with three bridging carbonyls, (d) ground state of [CpFeMn(CO)s]* with
three bridging carbonyls. These cations were geometrically optimized using the DFT method BP86 and the
def2-TZVP basis set.




Table S2: Calculated thresholds (in eV) for the formation of [CpFeMn(CO),]*, [CpFeMn(CO)s]* and
[CpFeMn(CO)s]*, with optimized geometries of each fragment shown in fig. S1. The thresholds are labeled
(a) — (d), corresponding with the respective optimized geometries shown in fig. S1(a) — (d). Thresholds for
the formation of the [CpFeMn(CO)g]* fragment were calculated in the ground state, with a single carbonyl
bridging the two metal centres, and in an excited state, with three carbonyls bridging the metal centres.

Neutral Threshold Threshold

Cationic fragment . ment A (BPS6,¢V) (TZ, eV)

M @) - 6.8 6.4
CpFeMn(CO); (b) CO 8.6 7.4
CpFeMn(CO)s (¢) CO 8.5 7.7

CpFeMn(CO)s (d) 2CO 9.7 9.3




