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CHARGE EXCHANGE IN ZINC-NEON

hy Donald L. Chubb
Lewis Research Center

ABSTRACT

Excitation of the 4d and 5p levels of znt by charge exchange
between Net and Zn was investigated. From measured electron temperature
and line intensity ratios it was concluded that charge exchange is the
dominate mechanism for populating the 4d205/2 level of Zn*, Comparison
of Zn-Ne and Zn-Ar results imply the same conclusion. No evidence for
ch!rge exchange as the dominant pumping mechanism for the 5p“Py/2,
5p“Py/2, or 4d2D3/2 levels was obtained.

INTRODUCTION

In investigating lasing in He-Ne-Zn, Collins! observed evidence for
charge exchange between Net and Zn atoms to produce excited Zn* ions.
The observed reaction was the following.

+ *.,42 2
Ne + Zn + Ne + Zn (4d DS/Z or 4d D3,2) + AE (1)

where AE = Iy, - (Iz, + Ez,+) is the energy defect, I is the ionization
potential and E is the excitation potential. For Zn* (4d?Dy;3),
AE = 0.155 eV and for 2zn*(4d?Ds;/p) AE = 0.149 eV,

1f the cross section for the reaction described by Equation (1) is
large enough, it may be possible to selectively populate the 4d levels
in zn*. _In this case lasing may occur at wavelengths of 2064 ], 2102 .
or 2100 % for 4d - 4p transitions. As a result, an experimental in-
vestigation of the Zn-Ne system was undertake.. The experiment was simi-
lar to one used to study charge exchange in Ca-Xe?. A steady-state flow-
ing Ne plasma was produced in a low power (500 W) arc source. Zinc was
injected into the plasma beam where charge exchange occurs between Net
and Zn., From relative intensity and electron temperature measurements
it is possible to determine if charge exchange or electron collisional
excitation is responsible for populating a particular level of Zn¥.

In addition to charge exchange to the 4d levels of Zn*, there is
also the possibility of charge exchange to the 5p levels since AE is
small,

+ W3 2
Ne' + Zn + Ne + Zn (5p P1/2 or 5p P3/2) + AE (2)

For the 5p2P1/2 level, AE = -0.397 eV and fir the 5p2P3/2 lavel,
AE = -0.426 eV. In analyzing the experimental data charge excharge to
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both the 4d and 5p le.els will be considered.

ANALYSIS

By relating the measured intensity ratios to the power input to tne
plasma source, it is possible to deduce whether charge exchange or elec-
tron collisions are responsible for populating a particular level. The
intensity ratios are related to the electron temperoture throupgh the use
of the continuity equations for the various levels. Also, the electron
temperature was measured as a function of power input. As a result, a
relation between intensity ratios and power input is obtained.

Figure 1 shows an energy level diagram . cthe zinc ion. Also shown
are the relevant wavelengths JAy; and trarsition probabilities Ayj.
The transition probabilities weré calculat 4 using the Bates-Damgaard?
technique at Colorado State University.4 The solid lines indicate the
transitions where intensity measurements weie made in this experiment.
It was not possible to measure the 5p + 58 transition intensities be-
cause the monochromator used had a wavelength limitation of 7000

The continuity equation under steady-state conditions? for the ith
level in Figure 1 states that the sum of the net collisional pumping rate,
t and spontaneous decay rate into the ith level from levels above the
i h is equal to the spontaneous decay rate from the ith level,

i=1
- R E Bihyy = % E“u (3)
j=i+1 j=1

The number density of the ith level is denoted by ny. The collisional
pumping rate, Wy, includes both electron excitation and charge transfer
collisions. All cascading from levels above the 5p has obviously been
neglected. Charge exchange pumping is not 2xnected for levels above the
5p. As a result, any contributions to Equation (3) resulting from cas-
cading will be independent of charge exchange. Therefore, all charge
exchange contributions to the population of the 5p or 4d levels are
included in Equation (3).

Using Equation (3) for the eight levels in Figure 1 the measured
intensity ratios can be related to the pumping rates of these levels. An
intensity ratio is related to the level number densities by the following
relation.

A
R *oq A11 23.(52) (4)
M3 Mgty

Therefore, applying Equation (3) to the eight levels in Figure 1 yields
the following results.
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In obtaining Equations (5) to (10) the approximations A,, >> Azs, A7y
aad Agy >> Ags, Agp, Agy have been made.

To relate the intensity ratio to the electron temperature, the pump-
ing rates, W;, must be evpressed in terms of the plasma properties. It
is assumed that electron collisions and charge exchange w'th Net can pump
the 4d and 5p levels. However, only electron collisions are assumed
to pump the 5s and 4p levels,

Electron collisions between any of the many Zn and Zn* levels can
produce Znt in the eight levels shown in Figur~ 1. However, becauae of
the large energy difference betwz2en Zn atom states and these znt states,
wae neglect electron pumping of these leveles resulting from electron-Zn
atom collisions. Therefore, the only electron pumping to be considered
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will be excitation from low energy Zn+ states to higher energy Zn+
excited states. As a result, the electron pumping rate for any of the
excited Zn* levels is the following.

-1
(uj)e ™ bnisij(rt) (12)

i=1

The term Sy, which is a function of the electron temperature, T,, is
the collisional rate coeff.cient (m3/sec) for excitation of the jth level
resulting from electron-iith level Zn* collisions.

Sij . {(cij)eve) (13)

where (o ). is the ele:tron excitat.ion cross section for {1 - j tran-
sitions, v, 1s the electron velocity, and ( >denotn an av:rage over
the electron distribution function.

For analyzing the experimental data it is only necessary to know
whether sij is an increasing or decreasing function of electron temper-
ature. Therefore, consider two £unctionnl forms for o that should be
reasonable approximations for Zn . First of all, it has“been suggested
that (034)e ~ llvg. In this case for a Maxwellian electron distribution
sij is éhe following.

1/2 E
1 1 1
"y ~ Cij(‘ﬁ'ﬂ') exp(" ﬁi‘) (Og5)e - . (34a)

where Ej; = E; - E; 1s the energy difference between the j and 1
levels, k" is the Boltzmann constant. The electron excitation rate coef=-
ficient given by Equation (l4a) increases with T, until kTg = 2E;

and then decreases for kT, > 2Ej4. The constant Cj; has two différent
forms depending on whetheg the transition is allowed or forbidden, Re-
cent experimental results” for &s + 4p electron excitation in cat sug-
gest that (01 )¢ = constant is a good approximation for low electron
energies. In this case for a Maxwellian electron distribution Sij is
the following,

E E
ij ij
S:I.j = KijJETe (kTe + 1) exp(- kTe) (cij)e = constant (14b)

This is a monotonically increasing function of Te-

In this experiment kT, < 2E;; for the i + j transitions of in-

terest (denoted by solid lines in %ig. 1). Therefore, assuming that

reasonable approximations for 513 are given by either Equations (l4a)
t

or (15b), then it can be concluded that Sij will be an increasing
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function of T, for the transitions denoted by solid lines in Figure 1.

For the case of charge exchange, only collisions betweeu Ne* and Zn
ground state atoms need be considered. There'ore, the charge exchange
pumping rate to the ith level is the following:

(Wyde = ngnyethoy (13)

where n, is the number density of ground state Zn atoms, e + is the

number density of Ne% and Loy 1is the collisional rate coeffii.lent
(m3/sec) for charge exchange chitntion of the jth level resulting from
Zn-Ne* collisions. In this experiment the relative velocity U between
Ne* and Zn, is much greater than the ion thermal speed. Also, assuming
the charge exchange cross section, 0,4, is nearly independent of U the
charge exchange rate coefficient can be approximated as follows,

Loj = Uc°J (16)

Equation (16) shows that the charge exchange rate coefficient is inde-
pencent of Tg.

Using Equations (12), (15), and (16) the intensity ratios can now be
written in terms of the plasma parameters. For comparison with the ex-
perimental data, two limit‘ng forms of the intensity ratios are necessary.
First, when electron pumping of the 5s, 4d, and 5p levels of Zn* is
negligible. Second, when change exchange pumping of the 5s, 4d, and 5p
levels is negligible. ‘'hen electron pumping is negligible

(Wy) e = BolnetU(9gy * 9gg) 11a)
(Wg) . = n nye+U0ys ' 78)
(wa)c - “onNe+U°06 (17¢)

And since only electron collisions can pump the 4p levels,

H2 = nen1512 (17d)

W, = nnr,S (17e)

3 7 Me™1%13
Since levels 2 and 3 have nearly the same energy, they should be close to
being in equilibrium. Therefore, deexcitation (3 + 2) should nearly bal-
ance excitation (2 + 3). As a result, an Sj3 term in Equation (17e)

has been neglected.

Substituting Equations (17) in Equation (5) yields the following re-
sult for the T, dependence when charge exchange predominates over elec-
tron pumping of the 5s, 4d, and 5p levels.
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( 025) - (NS, + K) (18)
where
nn
Noe S 1 (19)
o™Ne*
" A
43 53
K = | = (0 Ong) + ——————g +o} (20)
Laz ¥ Ay 07 * %8 * A %05t %06

Consider how the term N given by Equation (19) depends on the electron
temperature, As the electron temperature increases, more ionization of
Zn and Ne will occur. Therefore, in order to maintain charge neutrality
(ng * ny + nN.+), ng, Ny, and Nyt will all be increasing func'ions of
Te, while n, will decrease with increasing T,. Also, in order to sat-
isfy ng = np + Nyet the mean ion density, Nye+ cannot increase faster
than ng. Therefore, the term N will be an increasing function of Tg.
As has already been pointed out, S;5 1is an increasing functior of T,

for this experiment. As a result, the intensity ratio R%&% will be a
decreasing function of T, if charge exchange is much greater than elec-
tron pumping of the 5s, levels of Zn¥. The same conclusion

applies to the 35823 R38§g. :ﬁd Rgagg intensity ratios.

Now consider *he intensity ratios Rgi g and ngg?. For charge
exchange pumping of the 4d and 5p levels, Equations (9) and (10)
yield the foll wing.

A + o
(2100) 2558 “42 ( 06
= (21)
'2558)_ " 7I00 ~ A5 \og; * 90p /
(Rgoaa) 2558 M52 (Aaz * ‘43)( %05 ) c22)
558 2064 AQS AS3 507 . %08

Equations (21) and (22) show that Rgggg and R%ggg will be independent
of the electron temperature if charge exchange is the dominant pumping
mechanism,

Now consider the situation when only electron collisions are respon-
sible for populating all the znt levels. For this experiment kT » 10 eV,
Therefore, it is expected that the 4&s and 4p levels of Znt will be
highly populated. As a result, there will be significant electron colli-
sional excitation from the 4p levels to the 5s and 4d levels. How-
ever, since the energy of the 5p levels is greater than the energies of
the 5s and 4d levels and also since 5p + 4p 1is a forbidden transi-
tion the densities of the 5p levels should be negligible. As a result,
the 5p levels are neglected in Equation (3) for the case of electron
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pmping only. Also, since the 6p2P1 ; and ap2P3,2 levels are very
ciose in energy, Epq = 0.1 eV, they 340u1d be close to being in equi-
librium. Therefore,

n B E B
51 . | exp(} E%l) . 2. 2 (23)
2 8 e/ B2

where g denotes the degeneracy of a level. Experimental results indi-
cate that n,/n, is independent of T,. This will be discussed further
in the ExPBRiHE AL RESULTS section. Since the energy difference (-11 eV)
between the 4s and 5s levels and the 4s and 4d (~12 eV) is large,
as well as the transitions 5s + 4s and 4d » 4s teing forbidden, it is
reasonable to assume Sy, = 515 = 54 = 0.

Under the above assumptions, Equation (3) for the bdzbslz level
(1 = 6) and Equation (4) yield the following.

2100 2025 1 (™2
(Rzozs)‘ " 7000 &) (q S5 * 536)“e (24)

It has already been pointed out that all the electron excitation rate
coefficients, S5, will be increasing functions of T,. Also, ng will
increase with ingreasing T,. Therefore, uitg She assumption that

ny/ny = constant, Equation ?2&) shows that R 620 will be an increasing
function of T, if electron collisions are the Sominant pug ing mecha-
nism o Sgél the levels. “his same conclusion applies to Rzggg, Riagg,

and Rzozs-

Again, under the aboye assumptions, Equation (3) for the éd2D5/2
level (i = 6) and the 5s%S);, (i = 4) level together with Equation (4)
yield the following.

-]

2
2, +8
(Rzloo) . e il | b S I
2558) = 2100 ~ A n
e 43 i S. +§
ny 24 34

Assume that Epo » Eq¢ and Ej, s Eg,. Then if all the electron excita-
tion rate coef%?cients in Equation (32) behaved according to Equations
(l4a) or (1l4b), (Rgggg) would be an increasing function of T,. How=
ever, since it is no ciear that all Sj; have the gsse Te dependence,
it is not possible to conclusively state whether (r2 ) should be an
2558
in sing or decreasing function of Tg,. The same concYusion applies to
(x3084), .
Now consider the situation when charge exchange populates the
&dzbslz level but electron collisions populate the other levels. The
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T dependence of R%éog will be the same as that in Equation (18)

(0gs = 997 = opg = 0 in Eq. (20) and assuming Wg > W,, Ws). Therefore,

if cha exchange is the mechanism for populating the 4d205,2 level ,

the Rgzég intensity ratio will decrease with increasing Tg., The re-

sult for Rigg is obtained by substituting W, « n.[nzsz4 + n3s34] and
¢

Equation (1 in Equation (9),
-1
2100 et
Q‘zssa) ‘ E"(sza 4 53:.)] (26
e~-c 2
where
nn
N -t (27)
o"Ne*

¢imilar to N the quantity, N' will be an increasing function of T,.
Also, Sy, and - S are increasing functions Te. Therefore, since
nalnzfavconltnnt uation (26) shows that R 8 will decrease with
increasing T, if the bdzrs 2 level is pumped by charge exchange and
all the other levels by el:ctron collisions,

EXPERIMENTAL RESULTS
Zn=Ne Re:tu ' ts

The experimental apparatus used fo: this experiment is described in
Reference 2. A steady-state flowing neon plasma is produced in a low
power arc source. The velocity of the flow is the order ~~ 100 cm/sec.
Zinc ie injected into the fiow by sublimation from a zinc ribbon. The
zinc ribbon was wrapped around a nichrome wire which was resistively
heated to zinc sublimation temperatures. Varying the amount of zinc in-
jection had negligible effect on the intensity ratios to be discussed
below.

Electron temperatures were measured with a double Langmuir probe,.
The double probe cannot be used in a plasma that is seeded with a metal.
In such a situation the probe becomes contaminated with the metal so that
reliable probe current versus probe voltage data cannot be obtained.
Therefore, probe data was taken only in pure neon.

Relative intensity measurements were made with a 1/2-m focal length
scanning monochromator. The monochromator viewed the plasma through a
quartz window in the region where zinc was injected. In the wavelength
region (2000 R - 2600 X) where the intensity measurements were made, the
monochromator transmission changes rapidly with wavelength, As a result,
it was not possible to obtain an accurate calibration of the monochrom=
ator. In presenting the intensity ratio data, therefore, the intensity
ratios have been normalized. Normalization will remove the monochromator
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transmission from the results. The maximu: intensity ratio was chosen as
the normalization factor. Normalized int.'sity ratios will be denoted
as R.

In the ANALYSIS section the approximat ny/ny = constant was
used. From the measured intensity ratio (Rgﬁz ) n /ny it is possible
to evaluate this approximation. The measured 1ng¢nlity ratio, ( 8&3),.
is related to the actual intensity ratio as follows.

R e Al 2 (28)
Ry062 Thoez 2062 ~ 2025 T,o0, K, i,

(zozs) T2025 2025 _ 2062 ‘2025 *31 "3
where T 1is the transmission of the optics (window, monochromator, and
PM tube) at wavelength ). As mentioned above, it was not possible to
get an rate measurement of T,. However, for the Zn-Ne data reported
here (R&SZ! varied from 1.27 to 1.39. Since this is less than a 10
percent vnriation, the approximation njy/n, = constant appears to be
valid.

Figure 2 shows 60g and _%ggg as functions of the input power
to the plasma source. Allo shown is the electron temperature in pure Ne,
With the addition of Zn the magnitude of T, should be reduced but not
the shape of the T, versus power input curve. For input power, Py,
below 280 watts, the electron temperature behavior is erratic., However,
for 280 < Py < 460 watts the electron temperature is an increasing
fu :tion of Pi

For 280 _ Py < 460 watts the intensity ratio iﬁbﬁ? decreases.
As discussed earlier, this is the electron temper:ture dependence ex-
pected if charge exchange is the predominat mping mechanism of the 4&d
and 5p levels (see Eq. (18)). However, ﬁg E increases with increas-
ing Te. This is the T, dependence expected if all the levels zie
pumped by electron collisions (see Eq. (24)). Obviously, both concly-
sions are not possibie. However, this is the expected result for zo“g
and _7063 if charge exchange is the predominate pumping mechanism 5
for the 4d? Ds/2 level while electron collisions are responsible for
23 ating all other levels. In this case, Equation (18) would apply for
R302 with oqs = cgg = 0. But equations of the same T, dep
ence as Equ (24 w apply for i?ggg. ﬁzagg. and R3§gg The re=
sults for -;E§g %g when Py - watts (Fig. 3) do not ghow a
clear increase or derreaue wich Te. Since both the 2502 and 2558 i
itions o nate from the 585y, level, the T, dependence of
*2832 and i; ;é must be the same. Therefore, the data of Figure 3 are
53 an 1nd1 gn of the experimental error than a clear indication that
g and R3) % are increasing or decreasing functions of T,.
5: in Figure 4 also indicate that charge transfer is populating
the 4d<D level while electron collisions are responsible for the
population of all other levels. The intensity ratio ﬁgl 0 shows a def-
inite decrease with increasing T, for P; - 280 watts as expected (.ee
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Eq. (26)). There is no clear indication that ig!ga is either an in-
ing or decrearing function of T,. Within the experimental error,
-2§§§ would ear to be independent “of Te. As discussed earlier (see
22)), §§S would appear independent of T, for chi.ge exchange
pumping of t and 5p level.. However, when charge exchange is
negligible (loc !q. (25)) it is nct possible to conclude it isggs

should ease or decrease with T,

Zn=Ar Results

Further evidence for charge exchange pumping of the kdzbslz level
is obtained by comparing results in Zn-Ar with the Zn-Ne results. In
In=Ar electron pumping is only likely mechanism for populating the
4d and 5p levels and ]gg§ will be given by Equation (25) and a
similar expression for E;gga It 13 possible that charge exchange to

to the 4p _avcll of Zn* occur (AE = 0,355 eV), however, this will
not effect and st 5

The results for -2100 and 5206‘ in Zn-Ar are shown in Figure 5
together with T, resuftl in pure Ar. The electron temperatures in Ar
are lower than in Ne and show the same erratic behavior for low input
powers. The intensity ratios show rather inconsistent behavior also.
As pointed out in the discussion following Equation (25) 15 68 not pos-
sible to predict the electron temperature dependence of (R2558 and

(REE8Y).-

It is of interest to compare the magnitude of azggg and nggg
in Zn-Ar with the Zn-Ne results. The ratio of R$40Q7 Tor Zn-Ne to

<h21°°) for Zn=Ar is 1.26, The ratio of /R%gga\ for Zn=Ne to (Rg?gg\ for
Zn-Ar 1- 0.75. Note that it is the average measured intensity ratios
that are being compared, not the normalized intensity ratios shown in
Figures 4 and 5. The average value in Zn-Ne was computed using the data
points for 285 < Py < 520 watts. In Zn-Ar the average value was com-
puted using the data for 250 < Py < 320 watts. These are the power
ranges where T, 1is an increasing function of power input, Pjy.

If electron collisions are populating the édZD3/2 and hd2D5,2
levels in both Zn—Nc and Zn-Ar then the ratios should be nearly equal.
However, the R21 ratio is nearly twice the 3206“ ratio. Since
electron colliliongl pumping cannot produce such 2 result, it is con-
cluded that charge transfer must be responsible for pumping the 4d2 Ds/2
level in Zn-Ne.

Charge Exchange Cross-Section Limit
Collins1 measured the total char!e exchange cross-section for Het on

Zn. He gives a value of 2.3x10"15 cmé. The results of this experiment
indicate a much larger cross section for the ﬁdZDS/Z level than the
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4d?p /2 level. A lower 11-15 on how much larger the 6d2D5‘2 cross
section, ogg, is than the &d“Dy;; cross section, ogs, can be obtained
from the Jata.

Usirg Equations (3) and (4) for the 4d?Dy;; (1 = 5) and 4d?Ds/2
(1 = 6) levels together witu Equation (17¢) and

4
Wy = n, Z;nj_s15 + 0 g +Ugs (29)
i=1
the following is obtained:
206
(2100 _ 2064 452 * As3 05 o0
2064 © 7100 ~ Agy  F(Tg) +1
where
4
b P 1
F(T,) = ¢S — (31)
e ( L/ i5 Uoys
1-1
The measured intensity ratio, (Riagg)n. in Zn-Ne was found to be approxi-
mately 1.9, Therefore, using Equation (30):
o ;o Acy +
8 a g ot O %53 (F(T,) + 1] (32)
05 2100 53

The function F(T,) is the Eatio of electron collisional pumping to charge
exchange pumping of the 2 level. As already discussed, the exper-
imental results show that elec ron pumping predominates over charao ex-
change pumping of the 4d? D3/2 level. Therefore, F(Tg) » 0. Using the
transition probability data in Figure 1 and the estimated transmission
ratio T04/T2100 = 0.8 the following lower limit is obtained.

%06
%5

> 1.8 (33)

The energy difference between the Adzbgfz and kdzbsjz levels is
small (~0.006 eV). Therefore, it was expected that each of the states of
the J=3/2 and J = 5/2 levels to have the same probability of being
populated by charge exchange. As a result, it is expected that the cross
section ratio, ogg/ogs, should equal the ratio of statistical weights,
3/2. However, the experimental results indicate a lower limit of 1,8,

In the case of Ca-Xe (Ref. 2) for charge exchange to the 4d“D5;, and
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kdzbg 2 levels of ca*, 1t was found that the ratio of cross sections was
~1. 13 which is close to the ltltiltisal weight ratio 3/2., However, for
Ca* the energy difference between 4d2D and 4¢%Dg;p 1is less then
0,003 e Turner-Smith’ et al, investigating Zn-He found for the 6p<Py/)
and 6p P),g levels (energy difference = 0,009 eV) a charge exchange
cross loctlgn ratio of 7. a compared to a statistical weight ratio of 2,
For the 5d“Ds;2 and 5d“D levels the energy difference is only
0,003 eV and the experimenta result’ for the cross section ratio is 1.8,
This agrees fairly well with the statistical weight ratio of 1.5,

Hlliula has pr,contcd arguments as to why two nearly resonant atomic
states, such as 4d“Ds/2 and 4d203/2 could have substantially differ-
ent charge exchange cross sections. As Melius shows, the important re-
glon for charge transfer occurs at lar!o internuclear separations, At
these large distances the Ne‘t (% Py/ /2) ion and the Zn atom have not
yet interacted. Thus thc various nolccuilr potential curves wiiich can be
obtained by combining Ne *-Zn will remain essentially flat,

For Ne (15 ' -ombining with Zn* (4d%Dg;;, 4d%Dy/y) five molecular
states can be ., three of thon (172, "3/2, Asﬁz) corrolntin; wt:h
4ds/2 and twe of them (7, ) correlating with 4d? Dy/2. The
state will pe repulsive (Aue to £iu11 exclusion) at much larger values oi
incernuclear separation than the remaining molecular states. Because of
the slightly positive value of energy cefect, the I,,, state will havc
its molecular potential energy curve cross those of the incident Ne *-Zn
system at a larsa value of separation g%ving riss to a large cross sec=-
tion. As Melius® discusses, if the 4d“Dg;p, 4d“D splitting is too
large, a fine structure transition from the 5/2 to the 3/2 state will be
impeded and the outgoing system will preferentially remain in the hdzoslz
state.

For Zn-Ne* charge transfer to the 5p levels of Zn+, the energy de-
fect is il!l th n zero (AR - 0). Thcrefore, the porential energy curves
for (“Pyy2, PIIZ) - zn(1ls o) and Ne(ls,) - ?n+(592P1/2 5p2P3/2) will
not 1ntersec~. If the charge transfer process can be described by curve
crossings of molecular states formed during the collision, then for
AE < 0, no charge exchange is expected to occur.” No experimental evi-
dence of charge exchange to the 5p levels was obtained. This implies
that the curve crossing model is applicable in the Zn-Ne system,

CONCLUSION

Experimental evidence indicates that chari !change between Net and
Zn is the domina_% Sumping mechanism of the Zn"(4d“Ds5;7) level. The in-
tensity ratics 323 and i;igg which are proportional to the ratio of

the 4d2D5/2 to kp3P3/2 level and bdzbs/z to 5-251,2 level number
densities, are decreasing functions of the electron temperature. Tais is
the expected result if charge exchange is responsible for populating the
ﬁd2D5/2 level., A comparison between Zn-Ar and Zn-Ne data also indicates
charge exchange pumping of the 4d2D5,2 level. 1In Zn-Ar only electron
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collisions can populate the 4d and 5s levels. It was found that the
ratio <;§&g8> Zn-No/Q?Ei?ﬂ) Zn=-Ar was nearly twice the ratio
<F%ggg) Zn-N¢/<R%ggg Zn-Ar. 1f electron collisional pumping is populat-

ing both the 4d2D3/2 and 4d205 2 levels in Zn-Ne then these two ratios
should be nearly equal. Since thi- is not the case, it is concluded that
charge transfer must be responsible for pumping the 6d205‘2 level.

There is no evidence to indic,te that charge exchange is the dominate
pumping mechanism for the 4d“Dy/;, 5p2Py/2, or 5p“P3/; levels, which
also have small energy defects, AE.

A lower limit of 1.8 was obtained for the charge exchange cross
section ratio, opg/ogs, where opg 1s the cross section for the 4d2D5/2
level and op5 1s the cross section for the kd203/2 level.
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