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exhibit decay constants of 29.4, 8.2, and 6.9 mpsec, re-
spectively. It is important to note, however, that the
degree of purity of the samples used is unknown, and
therefore, it may not be said with certainty that the
observed decay times and long components are those
of the pure materials. It is certain, however, that the
decay times observed are correct to within 2 percent
for the materials tested. The accuracy may be further
increased by improved methods of time base calibration.
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An improved design of a pulsed mass spectrometer using linear time of flight analysis has been completed.
A peak width of two mass units at mass 40 has been achieved as well as a linear mass scale.

SHORT pulse of ions accelerated through a fixed
potential can be analyzed as to mass by time of
flight techniques.'™
Such an instrument was constructed at the Esso
Laboratories of the Standard Oil Development Com-
pany by William Priestley, Jr. and E. C. Rearick in
consultation with W. E. Stephens; it achieved reso-
Iution of the cyclic hydrocarbon groups. (See Fig. 1.)
In this instrument a pulsed electron beam produces
one-half microsecond pulses of ions by impact with a
gas stream. The ions are accelerated through a fixed
potential of 300 volts. The time of flight ¢ is given by

t=L(m/2V(Q) =5.75M% microseconds,

F16. 1. Mass spectrum of a hydrocarbon mixture showing peaks
due to Hg, H70, Cs, C;, C4, Cs, Cy, Cs, etc. (Courtesy of William
Priestley, Jr., Esso Laboratories of the Standard Oil Devlopment
Company).
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where L is the length of the drift tube (100 cm), V the
accelerating voltage, Q0 the ion charge, m the mass of
the ion, and M the atomic weight of the ion in amu,
The operation of the instrument has been improved at
the University of Pennsylvania, and a typical spectrum
of atmosphere gases and helium photographed from a
scope face is shown in Fig. 2.

The ion peaks, from left to right, are ascribed to H¥,
H,#, Het, C*+, N*, H,0F, N+, and A*, The peak width
is one mass unit up to a mass of five and about two
mass units at mass 20; which is about double that ex-
pected theorectically for half-microsecond pulses. The
theoretical resolution is given by M/AM=i/2A¢ and

\

F16. 2. Mass spectrum of atmospheric gases and helium show-
ing iml peaks ascribed to H*, H,*, He*, C*, N+, H;O0t, Not,
and A,
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for ¢=0.5-10"% sec, V=300 volts, and L=100 cm,
M/AM=5.75 M*.

A further improvement in resolution for the heavier
masses has been achieved by using a voltage pulse for
accelerating the ions.® If the lons have not passed
through the accelerating field before it is turned off,
the ions all acquire the same momentum (instead of
equal energy as in the previous model) and the time
of flight is, for typical values of the constants,

t=Lm/ET»Q=0.3M to 3M microseconds,

where T'p is the time of the accelerating pulse and E is
the ion accelerating field. This produces a linear mass
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Fi16. 3. Schematic diagram of the arrangement for linear
mass dispersion.

scale and a theoretical resolution of
M/AM=mL/ETpQAl=0.6M to 6M.

However, calculations suggest that the thermal velocity
of the sample gas molecules limits the resolution also.
Figure 3 shows a schematic diagram of the arrange-
ment used. Electrons from a tungsten filament are
accelerated by 300 volts through three collimating slits
to define a beam which passes through the ion chamber
in front of a stream of sample gas. The electron beam is
pulsed by 100-volt, one-half-microsecond pulses on the
first collimating slit. At the same instant, a 200-volt
pulse is applied to the accelerating rings which produce
an accelerating field relatively uniform in space and
lasting for 5 to 50 microseconds (T'»), according to the

5 Hays, Richards, and Goudsmit, Phys. Rev. 84, 824 (1951).
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Fic. 4. Linear mass spectrum of atmospheric pgases showing

ion peaks from C*, N+, OF, H;0, Ny, O,%, and A™.

mass range which it is desired to observe linearly. Ions
which do not pass through the accelerating field before
the accelerating pulse is over receive fixed equal
momenta and travel down the drift tube with velocities
inversely proportional to their mass. Consequently the
time of arrival is proportional to the mass. The detector
is a ten-stage electron multiplier using beryllium-copper
dynodes patterned after Allen.® The ion pulses are
amplified by an Elmore and Sands model 100 amplifier
and put on the vertical plates of a Tektronix scope,
triggered by the pulse generator. A photograph of a
typical linear mass spectrum of atmospheric gases is
shown in Fig. 4.

The ion peaks are presumed to be C*, N*, OF, H;OF,
Nst, Qs+, and A*. The peak width is about two mass
units at mass forty and some of this spread may be due
to insufficient filtering in the multiplier power supply.

These results indicate the present stage of develop-
ment of this technique. Its present limitations are
primarily in sensitivity and outgassing of the ion
source.
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