Low Energy Collisions

V.l. Baranov

Binary collision in the laboratory frame of
reference (planar)
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Binary elastic collisions

m,, +m,c, = mc, +m,C, = (m1 +m, )cm

2 2 *2 *2
mlcl + mzcz - mlcl + m2c2 Conservation of momentum &

energy
C,=C,-C, Relative velocity
m,m,
L =— Reduced mass
m, +m,

Binary collision in the centre of mass
frame of reference

(m, /my) c¥
b - the impact parameter

x - the deflection angle

e
-(m, /m,) ¢,




Collision of the reduced mass particle
with a fixed scattering centre

b - the impact parameter

x - the deflection angle

Collision cross-section G
dQ /

b - the impact parameter

x - the deflection angle

reference plane

cdQ=bdbde b |db
_ —>0=—
dQ=sin ydyde

4z 2z
= —1; o, =|0cdQ=2x|osin yd
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Collision cross-sections

The total cross-section

4z 27
o = jadQ=27zI osin ydy
0 0

The viscosity cross-section

4z T
o, = jasinzde=2ﬂIGSin3;(d)(
0 0

The momentum transfer (diffusion) cross-section
4

Oy = IG(l—COS}()dQIZE o(1-cos y)sin ydy
0

0

The hard sphere model

dlZZ%(dl+d2) ‘db ) ’
— |—|=%d,,sin So=Yd
b=d123in6’A=dlzCos(%Z) 720 (%Z) o=/t
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o = 27zj osin ydy=rd}
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Hard sphere collision cross-sections

The total cross-section

Y.
oy = 7dy,

The viscosity cross-section

=2
0, =307

The momentum transfer (diffusion) cross-section

Oy =07

The summation invariants (conservation
of mass, momentum and energy)

C
B ® m C scalar product

A ¥, mc?

A, mc’ +Bemc+C




Equilibrium state. Maxwellian distribution
function

Isotropic distribution
ff, —ff,=0
Inf, +Inf, =Inf +Inf,

In f :A%mc’2+A%mc§+M+M+C

A% m = —,B negative since the distribution is bounded

f =exp(C+ B°c; Jexp(-B°c”?)
m

3
exp(C+,Bzc§)='B % ﬂ2=ﬁ

}—>In f =A¥mc®+Bemc+C

Thermal Speeds

2KT
CIO = |[— The most probable molecular thermal speed
m
2
C, = T Cp The average thermal speed
T
3KT
C..=—— The mean square thermal speed

m
3
C =.[—C The root mean thermal speed
s av
8
K

a = 7/_T The speed of sound
m
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Low-Energy Repulsive Interaction Potential for Helium
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Fic. 12, Comparison between (&) and ted
Fre. 11. All potentials are L-J {12, 6) with «=0.874 meV, (—)  using: (a) pote:ng:lNo Sof Ta.blg)flwi[lh) potcntoﬁ(llg’lfgg%u]],
Fr=291 A; [--) rom203 A; (---} ra=2.05 & {¢) potential 18 (MDD-2).
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FIG. 1. Comparison of total and momentum transfer cross sections for DF
+ D collisions with and without the small-angle cut-off approximation.
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Figure 1. Cross sactions for reactions of W with CH, (2t 0.15 mTorr,
part a) and with CDy (at 028 mTow, part b) as a function of kinetic
ensrzy in the center-of-mass (lower axis) and laboratory (upper ams)
frames,

W'+ CH, (CD.) — WCH;  (WCD; )+ H (D)

- [W.C.2H] ([W.C.2D]) +
H, Dy

- WCH™ (WCD™) + H, (D) +
H (D)
" WCT + 2 H, (D)

- WH" (WD™) + CH; (CD;)

PE Sutface for Methane Activation by W+ J. Phys. Cham. 4, Tel 110, Ne. 4, 2006
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Spectrometry
vV
K=-2, fem?V's™
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oy = I O'(l—COS}[)dQ = 272'_[0'(1—C0$}[)Sin ;{d}( The momentum transfer
0

0

Relation between mobility and diffusion

has long been expected on physical grounds, and it is now well
understood how to produce such a relation on the basis of solutions
of the Boltzmann equation:

% = KT, eq.Nernst-Townsend-Einstein

(diffusion) cross-section
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Fiz. 1. Schematic diagram of () the jon mebality spectrometar and
(1) the mobulity spectrometar-mass specomeater. Labels 1, 2, and 3
are, mespectrvely, the high voltage supplies for the ion scwree, the

shitter, and the dnft tube.
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Schematics representation of the experimental setup: Oyt FF-only ion guide (-7Y normally);

R and RO5: DiC offset of quadrupole mass analyzers (normally ROy =84 V, RO,=U., -5V for MS /NS

scan; ICY, 10, and ICk: electrostatic lenses (10, = 7.5V, [0, = -2V and 10, = U,

SV IL,, IL;: additional

HP-SCC enclosure lenses (IL: = -7V; IL: = Ugr5V); 5Tt short EF-onby prefilter (-7V); Eyp: ion energy
defined in lab frame; ROy DO offset of HP-S0OC (7V); AL DC potential between the first and L'Ls-t
segments equally distributed along 20 segments; 1T, U, DC offset of the first and last segment (L1, =

= Vil = U-ALTL

T Am Soc Mass Spectrom 2005, 16, 957-086

HPSQOC AS AN ION MOLECULE REACTOR




