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An efficient high-pressure (HP) system was built which permits the various NMR 

studies of gaseous mixtures. The most important advantages of the present HP system are: 

possibility of continuous measurements, high degree of pressure control and easy preparation 

of gaseous mixtures. Additionally, the measurement can be completed in shorter time in 

comparison to measurements in glass ampoules. All parts of high pressure apparatus are non-

magnetic in order to prevent disturbances of spectrometer magnetic filed. 

The HP apparatus consists of a high pressure generator, a pressure gauge and a high 

pressure cell. The high pressure generator compresses gas mechanically. If sufficient pressure 

is not reached in one stroke, the system can be recycled. Maximal pressure which can be 

obtained in a HP cell was five and a half times greater than pressure in a gas fill line. The 

pressure gauge is used to measure accurately pressure inside a HP call. The high pressure 

system is connected with a source of buffer gas and a vacuum line. Gases mixtures were 

perpetrated in two steps. Small amount of gas (~10 g), which resonance frequency was 

observed, was transferred from a vacuum line to a HP cell. In the second step much larger 

excess of buffer gas was compressed in high pressure generator and transferred to the HP cell. 
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According to the viral equation, the shielding constant  for gas can be expanded in 

power series of density [1]: 

 

( ,T) = 0(T) + 1(T)  + … 

 

For hydrogen mixtures with helium-4 higher order terms can be safely neglected. The 

first coefficient 0 corresponds to magnetic shielding of an isolated molecule. The second 

coefficient 1 is determined by intermolecular interactions. Both are easy to determine from 

experimental data, because shielding-density dependence is linear and provides the 

zero-density point ( 0) and a slope of straight line ( 1). 

The secondary isotope effect of a hydrogen molecule in helium-4 was determined. The 

proton chemical shifts of hydrogen and deuterium hydride extrapolated to the zero-density 

point were equal –6,583(2) ppm and –6,484(1) ppm, respectively. Both values are measured 

relative to liquid pure TMS. The secondary isotope effect in hydrogen was equal -0.044 ppm. 

The obtained result is in good agreement with quantum chemistry calculations [2]. 
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