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Question

I have a GC–MS equipped with a small capacity (1 mL/min) vacuum pump and manual carrier gas controls. I was told
that the carrier gas flow rate into the mass spectrometer exceeded the pumping capacity of the vacuum system and this
may cause a decrease in sensitivity. How do I determine the carrier gas flow rate since it cannot be directly measured with
a flow meter?

Answer

The carrier gas flow rate at the column outlet can be calculated using available column and system parameters. The
flow rate at the column outlet is required because the flow rate into the MS is the desired measurement. Equation 1 is used
to calculate the carrier gas flow rate at the column outlet for vacuum outlet conditions:

Tref 2pi
F = 60πr2 u Eq. 1

T 3pref

where F is the flow rate at the column outlet (mL/min), r is the column radius (cm), T is the column temperature (K), Tref
is the reference temperature (298 K), pi is the inlet pressure (dyn/cm2), pref is the reference pressure (1.013 × 106 dyn/cm2),
and u is the average linear velocity (cm/s).
It should be noted that a different equation is used for nonvacuum column outlet conditions. Some of the equation

terms are different from standard or familiar GC units and need to be carefully converted into the required units. Also, the
inlet pressure is the gauge pressure plus the ambient pressure.
A column outlet carrier gas flow rate of 1.2 mL/min was obtained from the following parameters used in the GC–MS

system. The column used was 30-m × 0.32-mm i.d. (r = 0.016 cm), the column temperature was 100°C (373 K), the inlet
pressure was 2 psig (137,895.2 dyn/cm2 + 1.013 × 106 dyn/cm2 = 1,150,895.2 dyn/cm2) (1 psi = 68,947.6 dyn/cm2), and
the average linear velocity (helium) was 40.2 cm/s. Because 1 mL/min was the vacuum pump capacity, the flow of 1.2
mL/min exceeded the pump limit with a resulting decrease in sensitivity.
An average linear velocity of 40.2 cm/s for helium is above the recommended range of velocities. Decreasing the inlet

pressure to 1.0 psig (which is the lowest inlet pressure suitable for this system) resulted in an average linear velocity of
37.8 cm/s. Using these values, a column outlet flow rate of 1.0 mL/min was obtained, which is at the limit of the vacuum
pump capacity. Inlet pressures below 2 psig can be very difficult to set and control. Retention time reproducibility
problems are common at very low pressures unless the GC is specifically designed to handle very low inlet pressures. One
method used to reduce the carrier gas flow rate is to use a smaller diameter column. Using a 30-m × 0.25-mm-i.d. column
at 32.0 cm/s (inlet pressure = 7 psig) resulted in a column outlet flow rate of 0.7 mL/min. The 7-psig pressure was easier to
set and control, and the lower flow rate resulted in better sensitivity. The 0.25-mm-i.d. column had lower sample capacity,
but better peak resolution was obtained.
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