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u  Chemical environment affects extent of  hydrogen bonding and/or H+ transfer 

u  Infrared spectra illustrate this effect via vibrational frequency shifts 

Low Temperature IR Spectroscopy  

A Low-Temperature IR Spectroscopy and Computational Study of 
CH3CN–HCl  

u  Degree of  hydrogen bonding/H+ 

transfer depends on host environment: 
ionic species formed in bulk phase, 
hydrogen bond formed in gas phase, and 
an intermediate results in solid argon1 

 

u  Frequency shifts across the various 
environments parallels the strength of  
the hydrogen bonding1 

Matrix Isolation Infrared 
Spectroscopy 
u  Prepared dilute gas mixtures containing 

HCl and CH3CN in neon  
u  Bled mixtures into a high vacuum 

chamber 
u  Froze sample at 6K 
u  1:1 CH3CN–HCl complex formed in the 

solid neon sample 

u  Does a similar effect occur in CH3CN-HCl?  
u  Large difference in HCl frequencies 

between solid nitrogen and argon2 
u  Phillips group measured the frequencies in 

solid neon 

u  MERCURY Consortium  
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u  CH3CN-HCl structure via 
B3PW91/aug-cc-pVTZ 

 

u  ΔE = -5.1 kcal/mol 
 

u  HCl bond lengthens by 0.020Å 
 

u  HCl frequency shifts by -283 cm-1 

u  CH3CN-HCl structure via  
mPW1PW91/aug-cc-pVTZ  

 

u  ΔE = -5.6 kcal/mol  
 

u  HCl bond lengthens by 0.022Å 
 

u  HCl frequency shifts by -285 cm-1 
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u  HCl stretching frequency in neon is distinct from other environments, consistent 
with weaker hydrogen bonding, as expected 

 

u  Computations: Assessing the effects of  the inert environments directly 
 

u  CH3CN–DCl 

u  “Product bands” require both 
HCl and CH3CN to be present 
in the matrix  

u  Distinguished with a † in the 
spectra at left 

u  Vibrational frequency of  HCl bond in CH3CN-HCl varies depending on 
host matrix (i.e., solid solvent where complex forms when cooled to 6K) 

 

u  Previous work revealed vibrational frequencies of  HCl to vary in nitrogen, 
argon and gas phases as shown at right2,3 

 

u  Phillips group experimental data shows HCl frequency in neon at  
2677 cm-1 (in gold at right) 

Frequency of  this bond 
is plotted below 

Left: Manifold, where 
gas mixtures are made 
under vacuum 

Right: Matrix isolation 
setup, with IR 
spectrometer attached to 
sample; bulbs contain 
sample deposited through 
lines onto matrix 
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H3N-HCl: A hydrogen bond   H4N+ Cl-: An ion pair 

Stronger hydrogen bond 
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