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Figure S1. The ATR-IR spectra of (A) (n°~benzene)Cr(CO); and (B)

(N°~SWNT)Cr(n°~benzene).

Table S1. The C- stretching frequencies of free benzene and various benzene-Cr

complexes.

Free ligand and chromium complexes

Cspo—H stretches (cm™)

1 | Free benzene 30621

2 | (n°~benzene)Cr(CO)s 3088, 3105
3 | (n°~benzene),Cr 3044, 3080
4 | (n°®~SWNT)Cr(n°~benzene) 2910, 2950
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In case of (n°~benzene)Cr(CO)s, Csp2—H stretches are observed at 3088 and 3105 cm?,
which is very close to the stretching frequencies (3090 and 3102 cm™) reported in
literature.? In case of (n°~benzene),Cr, we observed relatively stronger Cspo—H stretches
at significantly lower frequency (3044 and 3080 cm™), which is very close to reported
values (3058 cm™) in literature.” In case of the synthesized (n°~SWNT)Cr(n°~benzene)

complex, Cspo—H stretches are observed at 2910 and 2950 cm™.
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Figure S2. The FT-IR spectra (ATR, Ge) of (A) Cr(CO)s, (B) the reaction product
between the reaction of XG and Cr(CO)¢ (0.13 equivalents), the structure of which is
assigned as (n°—graphene)Cr (CO)3, and (C) the reaction product between the reaction
of XG and Cr(CO)e (0.02 equivalents), the structure of which is assigned as
(n°~graphene)Cr(n°~graphene).
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X-ray Photoelectron Spectroscopy

The XPS measurements were performed at the University of California — Santa Barbara
with a Kratos Axis Ultra spectrometer (Kratos Analytical, Manchester, UK) using Al Ka
monochromated radiation at 1486 eV at base pressure of about 2.10® Torr. The survey
spectra were recorded using 270 watts of X-ray power, 80 pass energy, 0.5 eV step
size. The high-resolution scans were obtained using power of 300 watts, 40 pass
energy and step size of 0.05 eV. A low-energy electron flood from a filament was used

for charge neutralization.

Figure S3 illustrates the XPS spectra of graphene (XG)-Cr complexes, where XG is
exfoliated graphene, obtained using the solution-exfoliation technique, described in the
main text. The Cr 2p spectra of all three chromium complexes — (XG)Cr(CO)s,
(XG)Cr(benzene) and (XG)Cr(XG), give a Cr 2p3, peak at ~577.5 eV, shown in Table 1
along with literature values of molecular chromium complexes. Because of the small
chemical shift in the Cry, lines, the observed peaks cannot be assigned unambiguously
to Cr(0) in the complexes of (XG)Cr(CO)s, (XG)Cr(benzene) and (XG)Cr(XG). However,
a clear evidence for the presence of CO in the structure of (XG)Cr(CO);is observed in
the high resolution O1s spectrum, which shows a peak at binding energy of 534 eV.3
This peak is not present in the other two complexes - (XG)Cr(benzene) and
(XG)Cr(XG), indicating absence of the CO ligand in these compounds. The peak
centered at 532.5 eV, observed in the spectra of (XG)Cr(benzene) and (XG)Cr(XG), is
assigned to oxygen bound to edges and defects in graphene in the form of C=0.%°® We
exclude the presence of chromium oxide in these compounds, because O1s appears at
~530 eV in Cr,03.’

Table S2. Binding energies (eV) for the (n°~graphene)-Cr complexes.

Complex | Cr(CO)s | (Bz)Cr(CO); | (Bz).Cr (XG).Cr | (XG)Cr(Bz) (XG)Cr(CO)3 | Cr,03
O1s 534.00° | 533.30° - - - 534° (due to | 530
CO ligand)
Cr2ps, |577.6° [576.1° 575.2° [ 5775 577.5 577.5 576.2
576.8 3
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Figure S3. XPS data of the synthesized graphene-Cr complexes: (A) (XG)Cr(CO)s, (B)
(XG)Cr(benzene) and (C) (XG)Cr(XG), where XG refers to exfoliated graphene.
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Figure S4. The FT-IR spectra (ATR, Ge) of (A) (n°~benzene)Cr(CO); and (B)
(n®-graphene)Cr(n®-benzene).

Assignments of the IR bands of (n°~benzene)Cr(CO); can be found literature? and the

important bands are reported to appear at 535, 575, 636, 653, 669, 1444 (C—C stretch),

1854 (C-O stretch, E), 1954 (C-O stretch, A;), 3070 and 3102 (C—H stretch) cm™. Thus

in the case of reaction between XG and (n°-benzene)Cr(CO)s, the absence of C-O

stretching vibrations in the reaction product supports the assignment of the reaction

product as (n°~graphene)Cr(n®-benzene). This is further confirmed after *H-NMR

analysis of the de-complexation products of the resulting graphene-Cr complex with

mesitylene, as discussed later.
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Discussion of TGA Analysis
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Figure S5. Thermogravimetric analysis of (n°~graphene)Cr(n®-benzene) in air, showing
the 1.8 wt% residue which is obtained in the form of a dark green powder.

The green-colored residue obtained after the TGA experiment in air is ascribed to
chromium oxide (Cr,03), although a small fraction chromium carbide (Cr3C,) could also
be formed at this temperature range. Chromium carbides are generally formed by
reactions between metallic chromium and carbon (graphite) under oxygen-free inert

(argon) atmosphere at 800 °C.*°
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Decomplexation reactions with Mesitylene

Figure S6. Representative time lapse photographs of solutions of the
mesitylene—chromium complexes obtained after de-complexation reactions of
mesitylene with (n°-graphene)Cr(n°-benzene). (A) Yellow solution of the mesitylene
complex, (B) aerial decomposition of the solution upon standing for a few hours in air to
give a green colored solution, and (C) precipitation of chromium as a green solid upon
standing overnight in air.

The de-complexation reactions of (n°~graphene)Cr(n°~graphene) with mesitylene was
also performed similarly by heating the complex at 150 °C under argon atmosphere
overnight; the solid was collected upon filtration. The yellow filtrate of mesitylene-Cr
complexes obtained during the filtration immediately precipitated as a green solid with a
colorless supernatant. The mesitylene-Cr complexes are known to be very unstable
and their structural chemistry is complicated due to formation of multidecker complexes
of various nuclearities.> *2 Therefore, the FAB-MS analysis of the filtrate often shows

mixture of compounds of higher masses with m/z values ranging from 315.2581 to

663.4486, which were difficult to assign.
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'H NMR (CDClIs) spectroscopy of the yellow mesitylene solution
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Figure S7. *H-NMR (300 MHz, CDCls) spectra of the yellow solution obtained after de-
complexation of (n°~graphene)Cr(n°~benzene) with excess mesitylene showing the

presence of (n°~mesitylene)Cr(n°~benzene) complexes in excess free mesitylene. The

aromatic region of the proton NMR spectra of the yellow mesitylene solution of
mesitylene-chromium complex in CDCl3 is expanded.

'H-NMR spectra (in CDCls) of free benzene, (n°~benzene)Cr(CO)s, (n°~benzene),Cr
shows resonances at 7.36,"% 5.30 (5.26 ppm)*® and 7.16 ppm respectively, while in case
of the product obtained after de-complexation of (n°~graphene)Cr(n®~benzene) with
excess mesitylene shows the presence of resonances at 7.209, 7.157 and 7.107 ppm
(total integration corresponds to 6H), which could be tentatively assigned to six aromatic

protons of the benzene ring, and at 6.694 ppm (3H, aromatic) which could be assigned
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as the three aromatic protons of the mesitylene ring; consequently the yellow
mesitylene shows a signature of the formation of (n°-~mesitylene)Cr(n°~benzene)
complex after de-complexation reaction. The presence of excess free mesitylene (used
for de-complexation) is attested by the presence of resonances at 6.954 ppm, which are

due to aromatic protons (3H) of mesitylene.

Ultraviolet spectra of chromium complexes

The UV spectra of the reagents — Cr(CO)s and (n°~benzene)Cr(CO)s, and the yellow
product [(n°~mesitylene)Cr(n°~benzene)] obtained after de-complexation of
(n°~graphene)Cr(n°~benzene) with excess mesitylene are shown in Figure S8. The
spectra were recorded on a Cary 5000 spectrophotometer using ethanol as a solvent.
The spectra of Cr(CO)sand (n°-benzene)Cr(CO); show absorption maxima at 279 and
312 nm, respectively. This electronic absorption bands have been attributed to be
typical for transition metal-carbon bonds.'* Spectra of a concentrated solution of the
yellow product also showed a broad peak at wavelength of ~315 nm (Figure S8B). Upon
dilution of the solutions this peak disappeared and the spectra revealed a high-intensity
maximum at 205 nm with a shoulder at ~215 nm. The spectrum of the diluted solution of
the product of the de-complexation reaction is almost identical to that of pure mesitylene
and we assign the disappearance of the peak at 315 nm to the fact that the
concentration of the product falls below the spectrometer’s detection limit. The observed
peaks in the low wavelength range are due to the excess of mesitylene in the reaction

mixture. The observed peak at 315 nm confirms the formation of
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(n°~mesitylene)Cr(n°~benzene) obtained after de-complexation of

(n°-graphene)Cr(n°~benzene) with excess mesitylene.
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Figure S8. Optical absorption spectra of the molecular chromium complexes and of the
yellow solution obtained after de-complexation of (n°-graphene)Cr(n°-benzene) with
excess mesitylene.
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Mass spectroscopic analysis of de-complexation reaction of
(n°-graphene)Cr(n®-benzene) with mesitylene
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Figure S9. FAB-MS analysis of the mesitylene—chromium complex (Figure S6) obtained
from de-complexation of (n°~graphene)Cr(n°~benzene) with mesitylene.

Analysis of the yellow solution (in Figure S6) obtained after the de-complexation
reaction of (n°~graphene)Cr(n®-benzene) with excess mesitylene by FAB-MS technique
shows a composition with a parent mass of m/z = 282.2862, which could neither be
assigned to (n°~mesitylene)Cr(n°~benzene) (molar mass = 250.30) nor
(n®-mesitylene),Cr (molar mass = 292.38). These arene complexes are known to be
labile.** However, based on the changes in chemical shifts and proton integration
values in *H-NMR spectra (Figure S7) the structure of the complex was tentatively

assigned to (n°-mesitylene)Cr(n®-benzene).
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Figure S10. The FT-IR spectra (ATR, Ge) of (A) Cr(CO)s, (B) (n°~HOPG)Cr(CO);z and

(C) (N"°~HOPG)Cr(n°~benzene).

The IR bands of Cr(CO)s are reported™® to appear at 2000 (C-O stretch due to carbonyl
ligands), 1965 (combination band) and 668 (Cr—C stretching vibration) cm™. In the
present case the complexation of HOPG with the chromium tricarbonyl moiety results in
a shift in the C-0 stretching frequency of the carbonyls from 2000 (Cr(CO)g) to 1948
cmt in the product, indicating the successful grafting of the —Cr(CO); moiety to the top

layer of the HOPG surface.

The substitution of three CO ligands in Cr(CO)es with the electron-rich graphene ligand
should increase the extent of the metal d, back-donation®® to the remaining CO groups;
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consequently the Cr—CO bond order is expected to increase and the C-O bond order of
the residual carbonyl ligands is expected to decrease. This is reflected in the spectra
obtained after coordination of HOPG where it may be seen that the C-O stretching
frequency is 50 cm* lower in (n"®~HOPG)Cr(CO)s than in Cr(CO)s, and is comparable to
the C-O stretching frequencies of (n°~benzene)Cr(CO); [1854 (C-O stretch, E) and

1954 (C-O stretch, A;) cm™].2

The absence of similar C—O stretching vibrations in the reaction product between
HOPG and (n°-benzene)Cr(CO); provides the basis for formulation of the reaction
products as (n°~HOPG)Cr(n°~benzene). The case is supported by the thermochemical

study on the mean bond dissociation energy of the Cr—arene bond by Connor et al.*’
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Mass spectroscopic analysis of de-complexation reaction of (n°~HOPG)Cr(CO)3
with mesitylene
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Figure S11. FAB-MS analysis of the mesitylene—chromium complexes obtained after
de-complexation of the reaction product of HOPG and Cr(CO)e.
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When the product of the reaction of HOPG and Cr(CO)g is de-complexed via arene
exchange reactions using excess mesitylene, it results in a deep yellow solution which
shows the presence of a compound of composition [(n® —~mesitylene)Cr(CO)sH]* with
m/z = 257.0266 on analysis with FAB-MS. This result along with observed shift in the IR
stretching frequency of the remaining CO ligands (Figure S7B) provides persuasive
evidence that that the hexahapto-complexation of HOPG with Cr(CO)g results in the
formation of (n°~HOPG)Cr(CO)s, which when subjected to an arene exchange reaction
with mesitylene, dissociates to give a metal-free graphene HOPG surface and
(n°~mesitylene)Cr(CO); (molar weight of 256.22), which forms a deep yellow solution in

mesitylene.
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