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Abstract . For the system of G/ O,/ HNa/ He which is the bass of concept of NCI(a'A)/ | as a newly posible
laser system, the amount of the production of chlorine atomsis essentia and inportant to the syssem. In thispaper,
the disociation eficiency of chlorine by a Microwave Generator isinvestigated by a versatile titration technique. The
intensty of NCl (aA) and NC (b ) emisson is monitored by an OMA with the titration of mixture of He and HNs.
The disociation eficiency of chlorine by Microwave Generator is not low as expected, it is up to 100 % at lower flow
rate of chlorine and decreases with increas ng chlorine flow rates.
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After being reported the nearly resonant energy tranger from metestable NCl (aA) to atomic iodine by Bower
and Yang!*!in 1990, the concept of NCI (A )/ | asa newly possble laser system is becoming a hot point. It iscer-
tified for production of NCl (ad) via two steps asfollows?! |

d+HN3 -HO +N3, 8.9x10°®®
O +N;z -NC(ah) +N,,  (2.8%0.4) x10™

Later , the reaction rate of the second step is verified in order of 10" *'ecm® s. For the system of Cl/ Clo/ HNa/
He as the bas's of the concept of NCI (aA)/ | as a newly possible laser system, the amount of the production of
chlorine atoms s very essential and important to the system. A large amount of metastable particles NCl (aA) can
be possible to obtain via directly or indirectly generated large atomic chlorine’® %!, T-L- Henshaw!®! and his group
at Air Force Research L aboratory measured the gain on the 1315nm trandtion of atomic iodine in a subonic flow of
chemicaly generated NCl (aA) in 1999 and subsequently got an output power of 180mW from a new energy trans
fer chemical iodine laser pumped by NCI (aA) at 1315nm in 2000 based on the indirect method to generate
atomic chlorine which is a digplacement of hydrogen chloride or deuterium chloride by atomic fluorine produced by
DC discharge. And exactly due to the limited amount of atomic fluorine and consequently the limited atomic chlo-
rine , the output power of the new laser system does not scale up , then!”!. At thelatest publication, Mankell GC,
T-L- Henshaw and hisgroup[s] sudied the disociation eficiency of fluorine and chlorine by DC discharge and ob-
tained the disociation efficiency of 100 % for F, flow rates less than 0. 5mmol/ s and the eficiency with chlorine
less than 50 %.

1 Experimental

The diagram of the experimental setup used is shown in figure 1. A dlica tube with inner diameter of 2cm
goes through a microwave cavity and then extends to a 2cm x 5¢cm rectangular cell which is melt with a tube of 5cm
diameter to pumps. The tota length of 1.2m , the Microwave generator of 1kW , the supply of gas sysem, OMA4
and the pumping sysem are indicated. The mixture of chlorine measured by a flow meter
and helium measured by a flow meter flowed through the MW generator to produce chlorine atoms reacts
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with the mixture of hydrogen azide and helium at the ratio of 1 10 injected at the exit of the microwave cavity.
The chlorine and helium used have a purity of 99.99 %. HN3 was produced by the method described in reference
[1] and stored in an 180L sted contaner in which helium wasinput till the ratio of He/ HN3 reached 10 1. The
pressure of the reaction tube was about 267 Pa and the linear velocity of the gasesin the tube was around 150m/ s.
NCl (aA) and NCI (b ) emisson was collected by OMA4 and processed by a computer.
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2 Resultsand Discussion
Owing to the same trend of N (aA) and NCI (b ) emisson intensity!®! | the emisson of NCI (b ) was
first collected. Later emissonsof NCl(aA) are do oollected at severa chlorine flow rates as shown infigure2in
which we keep the flow rate of Cl; asa constant and change that of HN3 at aflow rate of He. It can be seenfrom
figure 2 that the maximum intensties are mostly around 1 of the HNs/ Cl; ratio at lower flow ratesof chlorine less
than 0.5 9. M (Standard Liter per Minute) .
For the system of Cl/ Clo/ HN3/ He, the reactive mechanism is described asfollows:
(1) Production of NCl (ad)
d+HN; -HO +Nz,  8.9x10° (1)
d+N;z -NC(ad) +N,, 1.5x10™ " (2
(2) Quenching of NCI (ad)
NCl(a + M - NCO(X) + M

M =0z, ko, = (4%1) x10°" 3
M = He, Kie < 1 x10° % (4)
M =d, kg = 1x10° % (5)
M = HN3, kHN3 =? (6)

Cond dering reaction formulas of (1) , (2) , (3), (4) , (5) and denoting [Cl,], [He], [A], [HN3] as
[ M], we can obtain the following kinetics equation of NCI (@A) reactions

A = G1a1rHNs] - kaliN] @
ANAG@AML - 1o [Ns] - S kel MING (8)] ®)

Introducing the linear velocity of the gas (denoted as u) , the equation can be written as afunction of the dis
tance (denoted as x) . Consdering the emisdon intensity collected at a ecific postion £ 1” from HNjzinjectors) ,
and ko[Cl]1/ u= 10" 3*x10 3«1, [N3] can be written as

[Nsli = { ke[ CHT[HNs] 3/ (el AD} (1 - @ 49" = [ QI[HN3] ©)
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S, Nd(ad) can be asfollows
ANAGEAM Loy @ HNG] L - Y kl MIING ) ) (10)

Assuming [Cl], [HN3], [ M] and the reactive ratesof k;, kzand kn,asconstants, and integrating the above
equation asfollows

INA@&A)] = ?(1 - e B (12)

Where A:jg(klkz[HNg][G]z) , B:‘]J(ka[ M1)

Snce the linear velocity isabout 150 200m/ s and the distance is around 15cm [ BI” isa small value.

e® =1- Bl
Formula (11) can be smplified as
2
[NO@B)] = Al = 5 (kikel HNs][C1]?) (12)
The vauesof* |, u, ki, k;” can be consdered as constants, and (1% u?) ki k»is denoted asa constant* C”
[NO(aQ) as f(x1, Xx2) , [HN3] as x1, [] as x,. Equation (12) is rewritten as
f(x1,%) = Cx1%5 (13)
thus
df (x1,X2) = Cx3dx; + 2 Cxq Xod Xp (14)

make formula (14) equal zero, then
df (x1, X2) = Cx3dx; + 2Cxy x2dx, = 0
Cx%d X1 = - 2Cx1 X20X%2
if dxy=-dxs, then, x2=2xq
That is
[A]=2[HNs] (15)
The maximum point of [NCl (aA) ] islocated at [Cl] twice as [ HN3].
If the flow rate of chlorine as a congtant [ Cl;] ., and assuming the dissociation eficiency of molecular chlorine
as defined asfollows
n = [d]/2[d;] (16)
S, the equation (16) can be presented as
N[C2]lm = 2[HN3]m, N = [HN3]n/[C2]m (17)
From figure 2, we can obtain that the disociation eficiency of molecular chlorine by Microwave Generator is
up to 100 % at lower flow ratesof chlorine and decreases with increas ng chlorine flow rate.

3 Conclusion

The disociation eficiency of chlorine by a Microwave Generator isinvestigated by a versatile titration tech-
nigue. We keep theflow rate of Cl; asconstant and change that of HN3, or make the flow rate of HN3 as constant
and change that of Cl, at aflow rate of He. Theintensty of NC (aA) or NCI (b ) emisson is monitored by an
OMA. The disociation eficiency of chlorine by Microwave Generator isup to 100 % at lower flow ratesof chlorine
and decreases with increas ng chlorine flow rates.
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