
Calculated geometries of 1:1 hydrogen

bonded complexes of HMI with water at

(U)B3LYP/def2-TZVP level of theory.

Relative complex energies (kcal/mol) are

given. Zero-point corrected interaction

energies of the complexes are given under

each complex and scaled red shifts are given

in parenthesis.
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Calculations

(U)B3LYP/def2-TZVP
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Matrix isolated FTIR spectrum in OH stretching region of H2O a)

0.5% H2O-doped Ar matrix after annealing at 25K. b) HMI in Ar

matrix. c) HMI in 0.5% H2O doped Ar matrix deposited at 3K. d)

Spectrum of c) after annealing at 25 K. e) Calculated spectra of

HW1,HW2,HW3 at (U)B3LYP/def2-TZVP level of theory. Red

shifts of hydrogen bonded complexes in cm-1 are given in

parenthesis. m stands for monomeric water.
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Ar Matrix Calculations
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TEMPO-Water (Ar matrix)

Matrix isolated FTIR spectrum in OH stretching region of

H2O a) 0.5% H2O-doped Ar matrix after annealing at 25K.

b)TEMPO in Ar matrix. c) TEMPO in 0.5% H2O doped Ar matrix

deposited at 3K. d) Spectrum of c) after annealing at 25 K. e)

Calculated spectra of TW1,TW2,TW3 at (U)B3LYP/def2-

TZVP level of theory. Red shifts of hydrogen bonded

complexes in cm-1 are given in parenthesis. m stands for

monomeric water.

Calculated geometries of 1:1 hydrogen

bonded complexes of TEMPO with water

at (U)B3LYP/def2-TZVP level of theory.

Relative complex energies (kcal/mol) are

given. Zero-point corrected interaction

energies of the complexes are given under

each complex and scaled red shifts are given

in parenthesis.
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Matrix isolated FTIR spectrum in OH stretching region of methanol a) 0.5% methanol-doped Ar matrix after

annealing at 25K. b) HMI in 0.5% methanol-doped Ar matrix. c) TEMPO in 0.5% methanol-doped Ar matrix. d)

and e) Calculated spectra of HMm1,HMm2 and Tm1 at (U)B3LYP/def2-TZVP level of theory respectively. Red

shifts of hydrogen bonded complexes in cm-1 are given in parenthesis. m stands for monomeric methanol.

HMI/TEMPO-Methanol (Ar matrix)
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Conclusions

• 1:1 hydrogen bonded complexes of HMI and TEMPO radical were

successfully isolated in Ar matrices and characterized using FTIR

spectroscopy.

• Comparable red shift of HMI and TEMPO complexes confirm the

observation of 1:1 hydrogen bonded complexes of HMI with water at

NO site !! The shift was also comparable to Phenoxyl-water complex.1

• In HMI NO site is preferentially solvated as compared to ring nitrogen.

Phenoxyl radical-water HMI radical-water TEMPO radical-water 
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*Experimental Shifts in Ar Matrix are shown.Computed shifts are given in parenthesis 

Matrix isolation FTIR spectroscopy was used to investigate the micoslation of EPR active

nitroxide spin labels such as Hexamethyl imidazolidine nitroxide radical (HMI) and 2,2,6,6-

Tetramethyl-1-piperidinyloxy (TEMPO) free radical in different inert gas matrices. These spin

labels are stable paramagnetic organic radicals and are popular in biochemistry as highly

sensitive probes of local pH and are also used as catalysts. These nitroxide radical shows rich

conformational diversity and can form a strong 1:1 hydrogen bonded complex with water

having an interaction energy of almost 6 kcal/mol. Quite interestingly HMI has two competing

sites – the ring nitrogen and the oxygen of the nitroxide radical and it was quite intriguing to

understand the preference of solvent (water molecule) for hydration amongst these competing

sites. TEMPO having only one hydrogen bonding site serves as a reference to understand more

complicated HMI molecule.
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Spin probes, nitroxide radicals, clustersMatrix Isolation Set Up

Annealing (25K) the

matrix  allows 

diffusion of  

molecules 

encouraging  

intermolecular  

interactions.

This thin solid film at

3K  can then be 

probed by  FTIR, EPR;

UV-Vis

Spectroscopy

• Nitroxide radicals are EPR active spin 

labels used as highly sensitive probes 

for local pH

• Investigation of 1:1 hydrogen bonded 

complexes of nitroxide radicals (HMI 

and TEMPO) with solvent molecules 

such as water and methanol.

• Technique used -Matrix Isolation FTIR 

spectroscopy 

Challenges :

✓ Extremely hygroscopic.

✓ Competing hydrogen bonding sites in

HMI

✓ Rich conformational landscape

Introduction and Methodology 
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