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1. NMR Spectrum of the (2S,4S)-PPM-pyrene ligand 

Figure S1: 31P{1H} NMR spectrum of the (2S,4S)-PPM-pyrene ligand.
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Figure S2: 1H, 31P, and 13C-chemical shifts of the (2S,4S)-PPM-pyrene ligand. Attribution 
made by 1H, 1H{31P} select and broadband, 13C{1H}, 13C{1H},{31P} COSY, HSQC, HMBC 

ROESY, HMQC 1H-31P on a Bruker Avance NEO 600. The majority of the protons and 
carbons of each conformer, including those of the pyrene group were assigned except the 
protons and carbons of the phenyl groups which are too overlapping to be unambiguously 

assigned.



Figure S3: 1H NMR spectrum of the (2S,4S)-PPM-pyrene ligand.

Figure S4: 13C NMR spectrum of the (2S,4S)-PPM-pyrene ligand.



Figure S5: Zoom spectrum of aliphatic carbons of the (2S,4S)-PPM-pyrene ligand.

Figure S6: Zoom spectrum of carbonyl carbons of the (2S,4S)-PPM-pyrene ligand.



2. Comparison of 31P{1H} NMR data of (2S,4S)-PPM-pyrene ligand and 

[Rh(COD)((2S,4S)-PPM-pyrene)]BF4 complex.

Figure S7: 31P{1H} NMR spectra of (2S,4S)-PPM-pyrene ligand (bottom, red) and 
[Rh(COD)((2S,4S)-PPM-pyrene)]BF4 complex (top, blue).

Figure S8: Zoom of 31P{1H} spectrum of the [Rh(COD)((2S,4S)-PPM-pyrene)]BF4 
complex showing the couplings of P1 with Rh and P2 in the major and minor isomers.



Figure S9: Zoom of 31P{1H} spectrum of the [Rh(COD)((2S,4S)-PPM-pyrene)]BF4 
complex showing the couplings P2 with Rh and P1 in the major and minor isomers.

3. Immobilization of [Rh(COD)((2S,4S)-PPM-pyrene)]BF4 via non-covalent π-π 

interaction 

Figure S10: The adsorption of chiral complex Rh onto CNTs in MeOH: homogeneous 
complex solution (left), and the filtrate after immobilization of complex on CNTs (right).



4. FTIR spectra of CNTs and CNT@complex Rh. 

Figure S11: FTIR spectra of the CNTs and CNT@complex Rh.

5. Raman spectra of the CNTs and CNT@complex Rh. 

Figure S12: Raman spectra of the CNTs (blue) and CNT@complex Rh (red).



6. N2 adsorption-desorption isotherms of CNTs and CNT@complex Rh

Figure S13: N2 adsorption-desorption isotherms of CNTs (blue) and
CNT@complex Rh (red).

7. XPS data of the fresh CNT@complex Rh 

Figure S14: XPS survey of the elements in fresh CNT@complex Rh.



Figure S15: XPS analysis of the elements present in CNT@complex Rh. (red: 
experimental data, black: fitting, blue and green: deconvolution).

Table S1: XPS binding energies and Rh/P atomic ratio for the CNT@complex Rh.

Binding energy (eV)

Catalyst O1s C1s P2p Rh3d
CNT@complex Rh 531.7

533.3
536.0 

284.8
285.3
286.3
287

290.8

132.3 309.6 + 313.8
310.5 + 315.0

Rh/P atomic ratio
XPS value Theoretical value

CNT@complex Rh 0.52 0.50



8. GC analysis of catalysis by CNT@complex Rh. 

Table S2: GC analysis of catalysis result for the enantioselective hydrogenation of 
dimethyl itaconate by CNT-immobilized Rh complex (entry 3 of Table 1).

The retention times for the produced methyl succinate were 7.9 and 8.3 min for the (S) and 
(R) forms, respectively, and 11.5 min for dimethyl itaconate.

R = 0.62
S = 1.28
Reactant = 4.76
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9. FTIR spectra of fresh and spent CNT@complex Rh catalyst.

Figure S16: FTIR spectra of fresh (red) and spent (black) CNT@complex Rh catalyst.



10. XPS spectra of Rh for the fresh and spent of CNT@complex Rh.

Figure S17: XPS spectra of Rh for the fresh (red) and spent (violet) CNT@complex Rh.


