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Collisional Attenuation of Focused CHCI Molecular Beams in a Hexapole Filter
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The attenuation of hexapole-focused {£LHmolecular beams has been studied as a function of inert gas and
nitrogen gas pressure in a hexapole-collision cell. Cross sections have been determined as a function of
relative velocity, using seeded beams, and as a function of sp¢tifidUstates through variation of the
electric field strength in the hexapole. Beam attenuation is attributed to rotationally inelastic collisions in
which a beam molecule following a focusing upper Stark stétd (< 0) trajectory through the hexapole

field is converted by &AM or AJ, AM transition into a nonfocusing rotational statéM = 0 or KM > 0),

which then follows a modified, nonfocusing trajectory and is lost from the beam. Experimental cross sections
are in the range from 200 to 67¢Aconsistent with collisions controlled by a long-range interaction (8 to 15

A) involving the transfer of a few J mot of energy. Collision cross sections estimated using a van der
Waals interaction potential with dispersion and dipaleduced dipole terms suggest that cross sections of
these magnitudes most probably correspond to collisions in which onlyitheantum number changes.

1. Introduction in this study preferentially focuses th&l1state of CHCI at

The transmission efficiency of a hexapole electrostatic filter +2.4 kv and thg212state att-3.7 kV. The focusing voltages

decreases rapidly with a reduction in vacuum quality; the beam for these states in a_5% GEll in Xe-seeded beam arel.2
intensity is reduced, and the orientation distribution of the and+1.8 kV, respectl\{ely. _ _ )

transmitted beam following an adiabatic transition into a weak ~ State-resolved rotationally inelastic scattering of molecules
homogeneous electric field is degraded. The requirement for Was first studied by Toennies in the early 19605.A velocity-
vacuum quality imposes limitations on the usable range of sglected effusive b_eam of TIF was rotationally state sele_cted
physical dimensions (rod radius, inscribed radius, and length) With an electrostatic quadrupole field. The quadrupole field
for the hexapole assembly. In this study we have attempted tofocuse(_j a particular TIF rotational stgtiMUinto a gas-filled
identify the processes responsible for the pressure effectsScattering chamber, and a second quadrupole selector placed
observed and to measure the attenuation cross sections fof” Off-axis was used to analyze the state distribution of the
focused beams of neat and seedecsClHN a hexapole filter scattered TIF. The cross sections measured fo2bie— |300

as a function of the electric field strength and the pressure of transition &J = 1) ranged from 2 Afor collisions with He up
the scattering gas. to 375 & for collisions with NH;. The total cross section for

A beam of symmetric top molecules directed into an 0SS of the|20state through all channels (inelastic and elastic)

inhomogeneous hexapole electric field experiences a radialWas 152 '& for He collisions up to 2140 ?lf_or NHs.  For
force! Lower Stark states in the beam, for which the rotational collisions involving inert gas atoms the dominant term in the
guantum number produd€M > 0, minimize their energy in  Interaction poten_tlal was the qu_adrupo!e mdgctlon p_otent|al, but
the field by moving to high field (toward the rods). Such forthe symmetric top NEkithe dlpol&dupole interaction term
molecules follow rapidly divergent trajectories and are lost from Was dominant and the large cross sections were rationalized by
the beam. Upper Stark states, for whi€M < 0, minimize the pos_5|b|I|ty c_)f_dlpole Iock|_ng of_ the TIF and NHnolecules.
their energy by moving toward low field and follow trajectories ~ TIF, which exhibits a very high dipole moment (4.23 D) and a
that result in focusing to the axis of the filter, where the field large polarizability volume (6.7 B, was used in these experi-
strength is zero. Molecules for whi¢tM = 0 are unaffected ments because of its desirable focusing properties in the
by the field and assume divergent trajectories defined by the quadrupole field. Because of the large dipole moment and small
supersonic beam profile and the defining skimmers. Rive  Separation of adjacedtrotational levels in TIF, the energy for

= 0 component falls off as the reciprocal of the square of the AJtransitions is available through the quadrupole induction and
distance from the nozzle and is very much smaller than the dipole—dipole terms in the interaction potential at long range,
focusedKM < 0 component. The physical size and voltages 9iving large cross sections.

applied to the rods of the hexapole and the physical properties More recently, the same group measured inelastic cross
of the beam gas determine the transmission characteristics forsections for CsF in supersonic Xe-seeded bedmagain the
individual |[JKMOquantum states transmitted through the filter. CsF was chosen for its large dipole moment and focusing
For example, in the case of a neat £t beam the filter used  behavior in the quadrupole fields used. The scattering chamber
of the earlier experiments was replaced with a crossed beam of
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L=884mm still be detected, and the measured cross sectig(@) will be
Py JY E the incomplete integral cross sectibrilo extract the complete
[ 'R ) B ] integral cross section(g), a correction must be made for the
N s. s H % D angular resolution. With the exception of beam molecules
172 v suffering a collision very close to the exit aperture, when the

Figure 1. Diagram of molecular bearhexapole gas cell machine: ~ Mass spectrometer entrance aperture determines resolution, the
N = piezoelectric pulsed nozzle, GEl and seeded beams stagnation angular resolution for the convergent upper Stark state beam
pressurePy = 2000 Torr; § = 1.0 mm diameter skimmer;,S= 1.5 was deduced by averaging the exit aperture acceptance angle
mm diameter skimmer and entrance aperture to hexapole chamber; Has seen from all points within the length and inscribed radius
= hexapole chamber, total length 884 mm, scattering gas preBsure ¢ iha hexapole. This geometrically averaged angular resolution

V = fine metering valve; E= hexapole chamber exit aperture 1.00 . .
mm diameter: B= CHsCl molecular beam or 5% Gl in inert gas was 24 for a 1.0 mm exit aperture, although the effective

seeded beam; B= ion source and quadrupole mass filter molecular angular resolution is higher because of the focusigfocusing
beam detector. effect of the hexapole electric field. That is, any rotationally

inelastic collision of a focusing upper Stark state beam molecule
molecules such asNCO,, CHy, and Sk, and symmetric top will produce a rotational state that will not be favorably focused
alkyl halides such as G§&l, CHsBr, CRH, CRCl, and CRBr. by the hexapole field and the scattered product will be
Cross sections fofAM = 0, 1;AJ = 1, 2} transitions of CsF effectively scattered through an angle greater than the initial
are reported. They range in magnitude from 0%Fdk the|300 scattering angle, proportional to the change itcKM/J(J +
— |10transition with Kr gas, up to 620%or the |20 |300 1)) for the beam molecule in the collision. This further reduces

transition with CiH. the likelihood of a beam molecule being successfully transmitted
through the hexapole exit aperture. Under these conditions the
2. Experimental Method angular resolution correction will be small and it will be

) . . .. rotational state dependent. For a focused beam molecule that

An illustration of the molecular beam machine used in this gy ffers a collision accompanied by a small changge tinere is
study is shown in Figure 1. Pulsed molecular beams were 5 greater probability that the scattered beam molecule will still
generated using a piezoelectric nozzle with an open time of 0.1 pe getected than if the molecule undergoes a transition that
ms and a repetition rate of lOO_Hz from a stagnation pressureprings about a large changegn Hence the cross sections that
of 2000 Torr of pure CHCI or mixtures of 5% CHCl seeded  gre measured here will be incomplete cross sections (although
in an inert gas buffer. The beam passed through a 1.0 mMthe difference from the complete integral cross sections is
diameter thin-walled skimmer into a buffer chamber and then expected to be small).
through a 1.5 mm diameter skimmer into an 884 mm long  The cross sectiong, for the attenuation of the CJal
hexapole collision cell terminated by an exit aperture with an yglecular beam by collisions with scattering gas, s, in the

adjustable iris. The hexapole fiIFer was made f_rom six equally hexapole collision cell was calculated using Beer's/law
spaced 10 mm diameter precision ground stainless steel rods

833 mm in length mounted in glass ceramic (Macor) yokes to ~ P

give an inscribed radius;,, of 5.88 mm. The rods were Oeii(@) = (NeL)est |n|_ 1)
alternately charged up th7 kV to produce an inhomogeneous 0
hexapole electric field up to 1.2 10°V m~1. The molecular
beam was detected by an Extrel quadrupole mass filter located
at the focal point of the filter. lons produced by the electron
impact ionization of gas pulses were gated at the detector, an
a second gate of equal width was set to intercept ions produce
from the electron impact ionization of the background gas in
the chamber prior to the arrival of the gas pulse. The molecular
beam was attenuated by admitting a scattering gas into the
collision cell through a Leybold Heraeus variable leak valve
fitted with a stepping motor and computer controlled. Measure-
ments were taken over a hexapole voltage range from=H7to
kV'in 200 Vincrements for & series of quencher gas PreSSUreS e reference velocity for the cross sections was taken here as
over the range from 5< 1077 to 5 x 107° Torr. Pressures th lati y locit

were measured using a model 690 high-accuracy absolute MKS € average refative velocity,
Baratron capacitance manometer with a 0.1 Torr head.

The shape of the defocusing cross section versus hexapole
voltage curves was reproducible within a few percent, although
the absolute values of the cross sections wel®%. The whereus is taken as the most probable velocity for the scattering
maximum calculated error arising from the specifications of the 9as,
instruments employed in the experiment is around 5%. The
lower reproducibility of the absolute cross sections results from ) = (&-)1/2 3)
the long times, typically 3 h, required to measure the focusing s m
curves for five to eight scattering gas pressures.

In any scattering experiment there will be a certain minimum anduy, is the flow velocity measured directly by time-of-flight.
angular resolution inherent in the apparatus because of the finitel is the measured beam intensity, dgds the beam intensity
size of all beam-collimating apertures. Any scattered beam in the absence of any scattering gas. A plot of lrersusP is
molecules that are deflected through an angle smaller than theshown in Figure 2 for the attenuation of a neat beam of@H
acceptance angle defined by the detector aperture will thereforeby Ar for a hexapole voltage aof5 kV.

where @sL)et is the product of the path lengthand the density

ns averaged over the entire path length. The leakage of the
dscattering gas through the skimmer and exit aperture will
deffectively increase the scattering path length. However, the
leakage is effusive and falls off rapidly with distance from the
aperture; with the exception of helium, the increase in path
length due to this end effect will be negligible. The cross section
oe(Q) is the experimentally measured cross section averaged
over the relative velocity distributiofi(g), whereg = |v, —

Vg|. Vpis the velocity of the beam with a distributidg{vy) and

Vs is the velocity of the scattering gas with a distributfg(vs).

g — (sz + USZ)l/Z (2)
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The beam signal rre nding to the transmission of the Figure 3. Calculated{") hexapoletransmiss_ioncurveforaneatbeam
be signal, corresponding to smission ot the of CH;Cl at 15 K compared to an experiment#®)(curve. Only

attenua_ltgd upper Stark state (focu_sed) component of the k_)ean?otational states withl andK < 5 were included in the calculation.
for collision cell pressuré® and a given hexapole voltage, is  calculated transmission curves for the most signifi¢aMcontribut-
determined from the difference between the signal recorded withing stateskKM < 0) to the overall transmission curve are also included.
the hexapole org, s and the signal for zero hexapole voltage,
Ioff,P- This difference’ and the cross section calculated from eq the hexapole field. Below the threshold the difference between
1, corresponds to the attenuation of upper Stark states by elastidhexapole-on and hexapole-off signals results from noise only.
and inelastic scattering corrected for the attenuation oMKe
= 0 component of the beam. Cross sections calculated from3- Results
the attenuation of the beam with the heXﬂpOle at grOUnd pOtentia' An experimental hexapole transmission curve for a neat beam
corresponded to the elastic and inelastic scattering (changes irof CH;Cl is shown in Figure 3. A good fit between the
AJ only sinceM is not defined in the absence of an electric measured and calculafeiansmission curves was obtained for
field) of the nonfocused component of the beam. Attenuation g CHCI rotational temperature of 10 K T; = Tx < 15 K
cross sections for beams with the hexapole grounded, when theyith K < 3 andJ < 5. This is consistent with the large
M quantum number is not defined, varied from 96 far difference between the rotational constants about the symmetry
collisions with Ne up to a maximum of about 2007 Aor and perpendicular axes of GBI which favors the population
collisions with Xe. These cross sections were dependent ONof states with low values oK. The transmission curves
the diameter of the exit aperture, decreasing with increasing calculated for the individualJKMO quantum states show
diameter as the geometrically averaged angular resolutionproadening due to the velocity distribution characteristic of the
decreased. This suggests that the beam attenuation in theyeam and to the range of trajectories defined by the skimmers
absence of the field is dominated by small-angle scattering and hexapole entrance aperture. The major contributions to the
through elastic collisions. The cross sections measured for thetransmission curves under the experimental conditions are from
attenuation of the focused beams of {LHwere independent  the |1110) |212) |313] and |2110states (at 7 kV), and these
of the exit aperture diameter below 6.0 mm, strongly suggesting transmission curves are shown in Figure 3. The effect of
that the process dominating the attenuation of the fOCUSing beanbressure on the transmission curve for a neat beam g€CH
involves large-angle scattering, as would be expected following shown in Figure 4. The attenuation of the curve shows structure
an inelastic collision with a concomitant change in the molecular that is not evident in the absence of inelastic collisions. The
trajectory in the inhomogeneous electric field. All cross sections minima in the attenuated curve corresponding to enhanced
reported here were measured with a 1.0-mm exit aperture.  attenuation result from a more efficient scattering of molecules
Since the determination of the cross section with the hexap()len'ansmitted at those hexapo]e V0|tageS, and they maitch the peaks
energized requires upper Stark states to be focused by then the transmission curves for the most highly populdfMi
hexapole, the cross sections will only be defined for hexapole states.
voltages greater than the hexapole voltage threshold for the Figure 5 shows the cross sections for attenuation of seeded
focusing of upper Stark states given®by CHsCl beams by argon as a function of the hexapole voltage,
5 3 5 and Figure 6 shows curves for collisions of a 5%3CHseeded
_ Ty My 4 in Kr beam with the inert gases and nitrogen. The calculated
N 6L HUp ) peak hexapole voltage correqunding to a giMMistate is
dependent on the beam composition; for example|lth# state
whererp and L are the inscribed radius and length of the peaks at:-2.4 kV for a neat beami-2.3 kV for a 5% CHCI in
hexapole, respectively, ama,, v, anduy are the mass, velocity,  Ar beam,£2.0 kV for a 5% CHCI in Kr beam, andt1.2 kV
and electric dipole moment of the beam molecule sCHin for a 5% CHCI in Xe beam. The cross section profiles for all
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Figure 4. Experimental CHCI hexapole transmission curves in the
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absence and presence of Ar scattering gas in the hexapole collision

cell.

beam-scattering gas combinations exhibit three reasonably well-

defined maxima (or shoulders) corresponding to the calculated
peak focus for the111[] |211[] and |212states, as shown in

the figures. The cross sections are large, indicative of a long-
range interaction. The quality of the data is not high, and valid

conclusions regarding the inelastic process responsible for beam

attenuation can be made without attempting to extract further
details by curve-fitting methods.

The cross sections for the attenuation of the focused beams

increase with decreasing relative velocity, i.e., as the mass of
the buffer gas increases, Figure &d as the mass of the

scattering gas increases, Figure 6. In each of these figures, the

first peak in the cross section profile exhibits a maximum
corresponding with the position for peak focusing of th&1l1

state. The hexapole voltages corresponding to the calculated

peak in the transmission curves for the four domind@tMO
states over the voltage range accessible in the experiments ar
marked in the figures.

4. Discussion

Attenuation cross sections fall in the range from 200fdk
collisions of neat CRCI beams on Ne to 670%or 5% CHCI
in Xe seeded beams onNThese cross sections correspond to
defocusing interactions for particle separations over the range
from 8 to 15 A. The interaction potential at these separations
is dominated by the attractive van der Waals interacu@r)
of the form

_C

V() = I ®)

Nonreactive scattering cross section§), are expected to
show a velocity dependerfté?! such that

—2/(s—1)

o(@Og (6)

whereg is the average relative velocity of the collision partners.
For a van der Waals attractive forsee= 6. From eq 6 the
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%igure 5. Variation of cross sections for the attenuation or defocusing
of CHsCl seeded beams on Ar scattering gas as a function of hexapole
voltage. Hexapole voltages corresponding to the peak transmissions
of the most significantJKMCstates present in the beam are shown for
each seeded beam.

exhibit ag~%4 dependence. Figure 7a is a plot of the cross
sections corresponding to the attenuation of |l state of
CHsCI for collisions of neat and seeded beams with the inert
gases and nitrogen plotted agaigs®-4, which was calculated
from eqs 2 and 3. There is a good correlation betwe@)

and g% over a wide range of velocity and cross sections,
lending support for energy transfer under the influence of an
interaction potential of the form

c

Vi =—3 (7)

whereC accounts for the dipole and polarization interactions.
For inelastic collisions between polarizable neutral species in
which only one of the them exhibits a permanent dipole moment
only the London dispersion and dipetenduced dipole terms

velocity dependence of the attenuation cross sections shouldneed to be considered.
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Figure 7. (a) Plot of the attenuation or defocusing cross sections for
the |1110state of CHCI for collisions of neat and seeded beams on
inert gas and nitrogen-scattering gases plotted aggifiét whereg is

the relative collision velocity. Open triangles are neat and seeded beams
of CHzCl with Ne as the scattering gas, open circles for &tosses

for Ar, open squares for Kr, and closed circles for Xe. (b) Cross sections
in plot a plotted againgE¥/3g—04.

An r~8 interaction potential requires that the cross section
for a transition of energ\Er should exhibit &C1/3 dependence.
Incorporating the velocity dependence described in eq 6, there
should be a linear relationship between the attenuation cross

Figure 6. Variation of cross sections for the attenuation or defocusing section for a specific transition and the prod@tg—24 The

p p
of 5% CHCI in Kr seeded beams on the inert gases and nitrogen as across section data plotted agaigsf-in Figure 7a is replotted
function of hexapole voltage. Hexapole voltages corresponding to the againsiCY3g-4in Figure 7b, giving an acceptable straight line

peak transmissions of the most significalikKMUstates present in the
5% CH;Cl in Kr beam are shown.

where

and

o and Ep are polarizability volumes and ionization potentials,

C = Cgisp T Caip—ind dip

3

EO,bEO,s

Cae = 2O, By
y S

2
Up Og

C, . =7
dip—ind di
P P 4ne,

8

©)

(10)

respectively, ang, is the dipole moment of C4CI.12

To facilitate a rotational transition of energkEg, the

maximum separation for the particles is given by

rmaxz ‘(

) 1/6

AE,

and the maximum cross section byma? or

Omax = ﬂ(

C

AE,

)1/3

11)

12)

fit.

The spectroscopic selection rules for rotational-state transi-
tions of symmetric top molecul&sare AJ = 0, +1; AK = 0;
andAM = 0, +1. For the attenuation of focused upper Stark
states in the hexapole electric field the proddi€M must be
nonzero andKkM must be negative. The only transitions allowed
by these selection rules leading to the defocusing of upper Stark
states are

AJ=0; AM = £1, whereJ > 0 and|M| < J
and
AJ=+1; AM =0, £1, whereJ > 0 and|M| < J

The Dirac notation used to describe rotational quantum states
by convention omits the negative sign required for an upper
Stark state. That ig,JKMUis used instead ofJ-KMUor |JK-

Yin

Oka et al**15investigated the selection rules that apply during
rotationally inelastic collisions in N H,CO, and CHF using
inverse Lamb dips in infrared laser Stark spectroscopy. Col-
lision-induced transitions witihAM > 1 were identified in the
H,CO system, although cascading could not be totally elimi-
nated. Analysis of very large signals fdr= K levels of CHF
indicated that the rate oAM = +1 reorientation collisions
relative to all inelastic collisions was on the order of 70%. It



Focused CHCI Molecular Beams

was also noted that transitions for whiaivi > 1 would increase
this proportion.

The |1110state of CHCI can be attenuated by allowed
transitions to th¢1100) |2100] |2110) and|212 states. The first
two states are unaffected by the hexapole electric field and will

not be focused back to the hexapole exit aperture. The second®c2tt€ing

pair of states are upper Stark states, but as theifceslues
are 1/6 and 1/3, respectively, compared to 1/2 for tidl state,
they will focus at different hexapole voltages and will not be
transmitted at the peak hexapole voltage for focusing of the
|11 state.

The rotational energy level8(JKM) for a prolate symmetric
top in a hexapole field are given By

3 w2 KM
W(IKM) = BXJ + 1) + (A — B)K “G1 D (13)

whereA and B are the rotational constants aads the radial
field strength in the hexapole filter. The Stark energies are

therefore dependent on the hexapole electric field strength,
which varies from a maximum near the hexapole rods to zero

at the axis. For a C¥Cl beam following a trajectory with a
displacementy/2 from the axis, theAM transition energy is
0.76 J mott. AJandAK transition energies are 20.7 and 56.4
J mol, respectively.

A theoretical study oM-changing collisions in CEK (X =
F, Cl, Br, and 1) molecules was carried out by Phillips on the
basis of these experimenits. Phillips calculated attenuation

cross sections specifically for our machine using time-dependent

perturbation theory and a van der Waals potential for dipole
induced dipole interactions. The calculated “total” relaxation
cross section corresponding to a&frchanging collision for
CH:Cl—Ar at a hexapole voltage o5 kV was ~60 A2
compared with measured cross sections in the range 300
for a neat CHCI beam to 550 Afor a 5% CHCI/Xe beam at
+5 kV. While Phillips argues convincingly the involvement
of AM transitions and a long-range van der Waals potential in

A

the relaxation process, a dispersion term contribution to the

potential was not included and this would result in an under-

estimation of the cross sections. The inclusion of a dispersion
term in these calculations will increase the cross section by a
factor of 2 or 3. Since the cross sections measured in this work

are up to an order of magnitude greater than the Calcmate%sections in Table 1 are overestimated upper limits. Taking this

values, the participation of a longer range process than require
to account forAJ transitions appears most likely.

Upper limits to cross sections can be calculated for any
transition energy using eqs82. For example, the defocusing
transitions from thél111state of CHCI in collisions with Ar
scattering gas are

() 1110~ |110AJ = 0; AM = £1)
(i) 1110 |211XAJ = +1; AM = 0)
(i) 1110~ |2107|212(AJ = +1; AM = £1)

From egs 810,C = 1.2275x 1077 J nf. Applying egs
11 and 12: (case Dmax= 14.6 A, omax= 670 A2 (case ii) 8.4
and 222 &; (case iii) 8.4 A, 220 Aand 8.5 A, 226 A If
K-changing transitions were allowed, the higher energy would
place an upper limit of 159 Aon the cross section forla =

2 K =1transition. These calculated cross sections are upper

limits: (i) they do not take into account the influence of collision
velocity on the efficiency of energy transfer; (ii) they assume
an opacity function of unity; (iii) they are calculated for a
hexapole field AM transition energies) corresponding to
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TABLE 1: Calculated and Measured Cross Sections for
Collision-Induced Rotational Transitions from the |111]
State of CH;Cl at the Hexapole Voltage Corresponding to
Peak Transmission

o(calc)/R  o(calc)/R2 o(calc)/A2
C107  AJ=1, AJ=1, AJ=0, o(expt)k

gas Jnf  AM=+1 AM=0 AM=41 range

Ne 0.372 <149,<153 <150 <450 206-410
Ar 1.227 <220,<226 <222 <670 2706-630
Kr 2.028 <260,<269 <263 <793 336-580
Xe 3.128 <301,<311 <304 <916 360-580
N, 1.511 <236,<244 <239 <719 357620

trajectories with a maximum axial displacementrg2. M-
changing transitions will be of higher energy for those molecules
sampling a higher hexapole field, > r¢/2, giving a lower
calculated cross section. The cross sections measured for the
attenuation of theéll1lstate of CHCI depend on the relative
collision velocity, as shown in Figure 7. The attenuation cross
section varied from 630 Aat the lowest collision velocity (5%
CHsCl in Xe beam) to 200 Afor the highest collision velocity
(neat CHCI beam). The lowest experimental values, corre-
sponding to the highest collision velocity, are higher than the
calculated values for &J, AM transition and lower than the
cross section calculated for/M = 1 transition. The highest
experimental value, corresponding to the lowest collision
velocity, is much closer to the value calculated foAlsl = 1
transition. This also applies to the other scattering gases, and
the results are summarized in Table 1, which shows the
calculated cross sections corresponding to attenuation of the
|11100state of CHCI for collisions with all the inert gases and
nitrogen compared with the minimum and maximum values
measured.

To assess the reliability of the cross sections calculated using
the van der Waals interaction potential, rotationally inelastic
cross sections were calculated for some of the Flmert gas
collisions reported by Toenniés.The bond length used to
calculate the moment of inertia for TIF was estimated from the
bond lengths for TICI and TIBr to be 2.4 A. In all cases, the
calculated cross sections are too high; for example, the cross
sections calculated forAJ =1 ( = 1 — J' = 2) transition
in TIF + He, Ar, and N are 236, 451, and 4622Arespectively,
compared with the values of 152, 388, and 343dported by
Toenniedfor J — J' = 2 transitions. So, the calculated cross

into account and considering the large values for the cross
sections measured at the lower collision velocities, it seems
likely that the mechanism responsible for the collisional
attenuation of the upper Stark states in the beam is through
M-changing transitions involving energy transfer<df J mol™.

The magnitude of the cross sections measured for the
attenuation of thg211and |212]states are not too different
from the |[1110state. The cross sections calculated from the
van der Waals potential faf =3—J'=2and)'=2—J
= 1 transitions are lower than those calculated fakh= 1
transition, thereby increasing the gap between the calculated
upper limits and the experimental values for the cross sections.
Again these data support ai-changing mechanism for the
attenuation of focused upper Stark states through collisions in
the hexapole filter.

5. Conclusion

The attenuation of rotational quantum state defined focused
beams of CHCI in collisions with the inert gases and nitrogen
have been measured. Cross sections plotted as a function of
the focusing voltage on the hexapole filter exhibit structure that
can be identified with the attenuation of specifi&K Mstates
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