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The energy losses of protein ions passing through a collision cell filled with inert gas have
been modeled as the aerodynamic drag on a projectile at high Knudsen number. When
applied to the energy loss data of Covey and Douglas (J. Am. Soc. Mass Spectrom. 1993, 4,
616-623) with drag coefficients from the gas dynamics literature, derived protein cross
sections are - 0.8 of those found with the simple collision model used by Covey and
Douglas. (] Am Soc Mass Spectrom 1994, 5, 17-18)
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R:cently, Covey and Douglas [1] have described
a method for the determination of collision cross
ections of protein ions. The energy losses of

ions passing through a cell filled with gas at - 1 x
10-3 torr are measured and interpreted with a simple
collision model. Similar observations of energy losses
have recently been described by Cox et al. [2]. The
model used in ref 1 is plausible, but requires several
approximations, including (1) assuming an average
center-of-mass scattering angle of 90°, (2) neglecting
inelastic collisions, (3) modeling the relation between
impact parameter and scattering angle by hard sphere
collisions, and (4) neglecting the thermal motion of the
target gas. The slowing of a projectile passing through
a low density gas is a classic problem in gas dynamics
which has been extensively studied both theoretically
and experimentally. In particular, several groups have
measured drag coefficients of small spheres in low
density gases [3-10]. The experimental drag coeffi
cients of course include inelastic collisions and scatter
ing through a range of angles from a rough surface.
More realistic theories which attempt to incorporate
these effects are in fair agreement with the experimen
tal data [11-17]. In the absence of a more detailed
understanding of the collision dynamics of protein
ions, the concept of aerodynamic drag can be applied
to offer an alternate interpretation of the experimental
energy loss data of ref 1. Here it is shown that the
experimentally determined drag coefficients give de
rived protein cross sections similar to those obtained
from the simple collision model.

The drag coefficient of a particle passing through a
gas, CD' can be defined by

where mt is the particle mass, v is the magnitude of
the particle's velocity (speed), x is distance, A is the
particle projected area ('" cross section), and p is the
gas mass density [7].

For the case where a projectile (e.g., a protein ion)
enters a collision cell of length I with speed va (energy
Eo) and exits with speed v (energy E), integrating eq 1
and squaring the result gives

Equation 2 assumes that Co is independent of speed v.
For the experimental conditions of ref 1, this is a fair
approximation. Thus this model gives an exponential
energy loss with increasing gas density as observed in
the experiments of ref 1.

The value of the drag coefficient depends on the
ratio of the mean free path of the collision gas, Ag , to
the projectile's diameter, D, that is, the Knudsen num
ber K; = AgID, and the ratio of the speed of the
projectile to the thermal speed of the collision gas
molecules, that is, the speed ratio s. For the case of
protein ions with 30 eV to 410 eV energy entering a
collision cell with a gas pressure of - 1 X 10-3 torr,
the Knudsen number is very high (- 106) . (The
Reynolds number is nearly zero.) The speed ratio de
pends on the ion mass and kinetic energy. For all of
the ions studied in ref 1, s ranges from 2.5 to 5.0 and
typically e ""3. The experiments [3~1O] and theories
[11-17] cited show that under these conditions, Co
se 2.5. Fitting the exponential energy loss data of ref 1
to eq 2 with Co es 2.5 gives in every case protein cross
sections which are about 80% of those derived from
the simple collision model. For myoglobin +9 ions
with 90 eV energy, for example, s = 2.7, giving Co
'" 2.4;, The calculated cross section from eq 2 then is
2140 A2

• The value calculated from the simple collision
model of ref 1 is 2570 A2• The relation of the cross
sections calculated from the drag coefficients to those
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calculated in ref 1 can be seen by comparing eq 2 here
to eq 12 of ref 1 which fits energy losses to

(3)

where a is the collision cross section, 5 the target
thickness (product of target gas number density nand
cell length I), and ex' is given by

simpler model. In both cases, of course, relative cross
sections are the same. Both experiment and theory
show that the value of CD increases for lower Knudsen
numbers and for lower speed ratios. This suggests that
determination of protein cross sections by other tech
niques, such as ion mobility, may yield different val
ues if these effects are not considered.

References
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where m1 is the projectile (ion) mass, m2 is the colli
sion gas mass, and M = mj + mz. For measured en
ergy ratios E/Eo, fitting the data to eq 2 will give the
area A in the aerodynamic drag model, and fitting the
data to eq 3 will give the cross section o in the
collision model:

and so In (0:') ~ 2mdmt and

The model of ref 1 involves specular reflection of
hard spheres at infinite speed ratio which, for m l ,

much greater than mz, gives CD = 2.0 (see, e.g., ref
17). Since the experimental value of CD is 2.5, the ratio
(J"I A is ~ 1.25 (or AI(J" = 0.8). It is encouraging that
the cross sections determined by using more realistic
values for CD are not too different from those of the


