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Experimental Methods

Excluding non-terminal modes of carbonyl bonding

In a manner similar to that described previouslydarboxylate’s, non-terminal modes
of carbonyl bonding were excluded by specifying rdamation numbers of the carbon
and oxygen atoms. The coordination number of #rban was specified as two (oxygen
and the metal), and that of the oxygen as oned#nkeon), thus excluding the binding

modes illustrated in Figure S1.

R-C=0R| |

ST M v\

Figure S1.Examples of non-terminal modes of carbonyl bondiag have been

excluded from the analysis.



Analysis

Scatter plots for all data.
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Figure S2.Scatter plot of €O distancess. TM-C distance. Superposed are the weighted

averages, the mean=0 distance for a given TM-C distanc& {C=O|TM-C)} (m),

X (TM-C|C=0) (o), and the principal component analysty or groups 6 and 7. Grey

lines are intended to reference the graphs to ether.
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Figure S3.Scatter plot of €O distancevs. TM-C distance. Superposed are the weighted
averages; the meareO distance for a given TM-C distanc& {C=O|TM-C)} (m),

X (TM-C|C=0) (o), and the principal component analyst3,(for groups 8 and 9. Grey
lines are intended to reference the graphs to nathar.
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Figure S4.Scatter plot of €O distancess. TM-C distance. Superposed are the weighted
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Data sets given with the relative proportions of €0 distances at

different points
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Figure S5.Curves representing the weighted averag€=0|TM-C) andX (TM-C|C=0)

of the relationship between TM-C ang@ bond lengths, for Groups 6 and 7.
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of the relationship between TM-C ang@ bond lengths, for Groups 8 and 9.
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Figure S7.Scatter plots of the standard deviation on the ggamf GO distances
calculated in the analysig,(TM-C|C=0), for Groups 6, 7, 8, 9 and 10.
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Data plotted as ', 2" and 3 transition periods.
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Figure S9.Plot of the mean €0 distance for a given TM-C distanc& {C=0|TM-C)}
(A), for the sets of six-coordinate first-row tritien-metal carbonyl complexes. Error
bars represent the 95% confidence intervals onmtéan, over the range for which the
point is given. Data sets are based on the foligwnumbers ofix-coordinate TM-
carbonyl interactions: Ni(175), Co(3,329), Fe(9,28In(3,426), Cr(2,798), V(60), and
Ti(5).
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Figure S10.Plot of the mean €0 distance for a given TM-C distanc& {C=0|TM-C)}
(A), for the sets of six-coordinate second-row $itian-metal carbonyl complexes. Error
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Figure S11.Plot of the mean €0 distance for a given TM-C distanc& {C=0|TM-C)}
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bars represent the 95% confidence intervals onmtéan, over the range for which the
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Analysis of Subsets.

Homoleptic TM-carbonyl species
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Figure S13The structural data reported for homoleptic TM-ceryd species illustrating

the relationships betweer=O bond length, €O stretching frequency and metal

oxidation.
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The effect of other ligands in the coordination spare

An example of a systematic change in the coordinain sphere: the series
[PtCl,CO4]*"

Table S1 shows the variation in Pt-C bond lengtpimating from mutual ligand effects.
The longest Pt-C bond lengths are observed ingheiss [Pt(CQJ*" and the shortest in
[PtCI(CO)], which is consistent with the carbonyl groups cetmg with one another,
resulting in longer bond lengths.

Table S1 Structural data for the series of compounds [}O,.]*", M= Pt and Pd.

Species pPt-Cl pt'-C C=0
Bond Length (A) | Bond Length (&) | Bond Length (A)

[PtCl4]*(as §2.2.3) 2.303(0.002) N/A N/A

[PtCI3CO]* 2.291 1.825 1.117
cis[PtCl,(CO),]* 2.292 1.897 1.115
[Pt(CO)4**® N/A 1.982 1.104
[PACl4]* (as§2.2.3) | 2.304(0.003) N/A N/A

[PACI5CO] ® 2.289 1.869 1.115
[Pd(CO)4** 1.992 1.106
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Analysis of trans ligands

1.17
NC,

1.16
—~ E Os
°‘<-’ 1.15 + I
8 —&HH - NCZ PR3
% 1 g'le co e~ I CO
n 1.14 HLI CR,
Q0 - = I I *
()] Rs Ru T , t
ﬁ 113 =N PRs / Ry

1.12 |4 =Ru -

Os
1.11 T T T T T T T

1.75 178 181 184 1.87 190 193 1.96
Metal-Carbon Distance (A)

Figure S14.The average of subsets with differéreins-donors for the group 8 metals.

The analysis described herein would be incompfate attempt was made to identify the
effects of trans ligands and thereby consider #ra&tion observed in TM-C bond lengths
in terms of trans-effects. Figure S18 shows theraye of data sets in which the donor
trans to GO is the group indicated. From this data analylséstrans-influence series
NR><M<PR:<CR:<H<CO is derived. This series is similar to thatided from TM-CI
bond lengths with the exception of carbon monoxwéech appears at the opposite end of
the series. This is not unexpected since TM-ctioeand TM-carbonyl interactions have
very differento-bonding properties Cl is generally donor and CO is generally ra

acceptor; thus making the two donors very diffepgobes of trans influende'?®
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The effect of metal-metal bonds

From Figures S19 and S20 it is clear that compowitts M-M bonds dominate the Fe,

Ru and Os datasets. This is not true of all digasee Table A4.4. The differences
between the subsets containing no M-M bonds andp#inent data set increase in the
order Fe<Ru<Os. Removing compounds with M-M boimdseases the proportion of

compounds in a high (>1) oxidation state from ~2foHe, 6% for Ru and 1.5% for Os to
approximately 95%. Thus the changes evident iufeidgs19 could be due to a wide
variety of things including oxidation state, aneadttion in the steric properties of the

subsets or a contamination of incorrect structures.
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Figure S15.The effect of subtracting metal-metal bonds from e, Ru and Os data-

sets; “nomm” indicates a subset with no metal-mistalds.
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Figure S16.Comparison of the subsets of Fe, Ru and Os conplaxataining a Fe-Fe,

Ru-Ru or Os-Os bond respectively.
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The effect of coordination number
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of data, two are circled, a third superimposes the Fe-CO fragments.
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