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Figure 1. 1H NMR spectrum of cis, trans-[RuH2(PPh3)2(bpm)] (2) in CD2Cl2 at room 

temperature 

 

Figure 2. 31P{1H} NMR spectrum of cis, trans-[RuH2(PPh3)2(bpm)] (2) in CD2Cl2 at room 

temperature 
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Figure 3. 13C{1H} NMR spectrum of cis, trans-[RuH2(PPh3)2(bpm)] (2) in CD2Cl2 at room 

temperature 
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Figure 4. 1H NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpy)][OTf] (1a) in CD2Cl2 at 

room temperature 
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Figure 5. 31P{1H} NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpy)][OTf] (1a) in 

CD2Cl2 at room temperature 

 

Figure 6. 13C{1H} NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpy)][OTf] (1a) in 

CD2Cl2 at room temperature 
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Figure 7. 19F NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpy)][OTf] (1a) in CD2Cl2 at 

room temperature 
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Figure 8. 1H NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpm)][OTf] (2a) in CD2Cl2 at 

room temperature 
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Figure 9. 31P{1H} NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpm)][OTf] (2a) in 

CD2Cl2 at room temperature 

 

Figure 10. 13C{1H} NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpm)][OTf] (2a) in 

CD2Cl2 at room temperature 
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Figure 11. 19F NMR spectrum of cis, trans-[RuH(η2-H2)(PPh3)2(bpm)][OTf] (2a) in CD2Cl2 

at room temperature 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

Figure 

[RuH(η

12. Variab

η2-H2)(PPh3)

ble temperat

)2(bpy)][OT

ture 1H NM

Tf] (1a) in C

S11 

MR spectral 

CDCl2F/CD

stack plot 

DClF2. 

(hydride reegion) of cis

 

s, trans-

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

Figure 

[RuH(η

Figure 

CD2Cl2

13. Variab

η2-H2)(PPh3)

14. Variab

2 at 400 MH

ble temperat

)2(bpm)][OT

ble tempera

Hz. 

ture 1H NM

Tf] (2a) in C

ature T1 me

S12 

MR spectral 

CD2Cl2. 

easurements

stack plot 

s of cis, tra

(hydride re

 

ans-[RuH2(P

egion) of cis

PPh3)2(bpy)

 

s, trans-

)] (1) in 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

Figure 

(right) i

Figure 

H2)(PPh

15. Variab

in CD2Cl2 a

16. 1H NM

h3)2(bpy)][O

ble tempera

at 400 MHz

MR spectra

OTf] (1a) in

ature T1 m

. 

a (hydride 

n CD2Cl2 at 

S13 

measurement

 

region) of 

296 K; acq

ts of cis, t

the isotop

quired using

 

trans-[RuH

omers of c

g a 500 MHz

H2(PPh3)2(bp

cis, trans-[R

z instrumen

pm)] (2) 

 

RuH(η2-

nt. 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



 

Figure 

H2)(PPh

17. 1H NM

h3)2(bpm)][

MR spectra

OTf] (2a) in

a (hydride 

n CD2Cl2 at

S14 

region) of 

t 296 K; acq

the isotop

quired using

omers of c

g a 500 MH

cis, trans-[R

Hz instrumen

 

RuH(η2-

nt. 

Electronic Supplementary Material (ESI) for Dalton Transactions
This journal is © The Royal Society of Chemistry 2014



S15 
 

 

Figure 18. 1H NMR spectrum of cis, trans-[RuH(CO)(PPh3)2(bpm)][OTf] (2b) in CDCl3 at 

room temperature 
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Figure 19. 31P{1H} NMR spectrum of cis, trans-[RuH(CO)(PPh3)2(bpm)][OTf] (2b) in 

CDCl3 at room temperature 
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Figure 20. 13C{1H} NMR spectrum of cis, trans-[RuH(CO)(PPh3)2(bpm)][OTf] (2b) in 

CDCl3 at room temperature 
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Figure 21. 19F NMR spectrum of cis, trans-[RuH(CO)(PPh3)2(bpm)][OTf] (2b) in CDCl3 at 

room temperature 

 

 

Figure 22. IR spectrum of cis, trans-[RuH(CO)(PPh3)2(bpm)][OTf] (2b) 
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     = A e‒(ΔG≠)/RT [Arrhenius equation, A = Frequency factor] 

Simplification gives 

ln (W½ ‒ W0
½) = (ΔG≠/R)(1/T) + C [C = Constant] 

We assume that W0
1/2 of the hydride signal of 1a and 2a are same as that of 1 and 2 

respectively in their 1H NMR spectrum. 

W0
½= 30 Hz (FWHM of hydride signal of 1 or 2) 

The above assumption is required since we did not observe decoalescence of the RuH3 signal 
of 1a and 2a. 

ln (W½ ‒ 30) = [ΔG≠ (approx)/R][1/T] + C 

Slope of ln (W½ ‒ 30) vs 1/T plot will give ΔG≠(approx) 

Assumptions: 

1. Free energy of activation does not change with temperature 
2. Change in line broadening is a measure of change in rate of the exchange process 

 

Figure 26. ln (W½ ‒ 30) vs 1/T plot of 1a 
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Figure 27. ln (W½ ‒ 30) vs 1/T plot of 2a 

Calculation of T1(min) of the H2 ligand of 1a and 2a 

The relaxation rate (RH3) of the RuH3 moieties of complexes 1a and 2a could be written as 

the weighted average of that of the individual hydride and η2-H2 ligands i.e., 

RH3 = (RH + 2RH2)/3 

where, RH = relaxation rate of the hydride ligand caused by rest of the molecule, and RH2 = 

relaxation rate of the η2-H2 ligand. RH2 has two components: (i) RM i.e., mutual relaxation of 

the two H-atoms of the η2-H2 ligand and (ii) RR i.e., relaxation of the η2-H2 ligand caused by 

rest of the molecule. Among these two components, RM is actually related to T1(min) of the 

η2-H2 ligand, i.e., T1(H2). 

Therefore, RH3 = {RH + 2(RM + RR)}/3 

Or, RH3 = (3RH + 2RM)/3 [since, RR ~ RH] 

Now, we know that T1 = (1/R), therefore, the above equation can be written in terms of 

T1(min) of the η2-H2 ligand as, 

1/T1(H2) = (3/2){1/T1(RuH3) – 1/T1(RuH2)} 

where, T1(RuH3) is the T1(min) of complexes 1a and 2a, T1(RuH2) is the T1 of complexes 1 

and 2 at respective temperatures (183 K for 1a and 191 K for 2a). 
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