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QUANTITATIVE STUDIES BY OPTICAL SPECTROSCOPY OF 
ENERGY EXCHANGE MECHANISMS IN SIMPIi: GASES AND SOLIDS 

Abstract 

Emission studies have continued in fast flow systems of 

nitrogen energized in a microwave discharge. 

By changing parameters of pressure, temperature, and mixture, 

silicon tetrahalides added after the discharge have produced two 

electronic systems of SIN, and two separate, unidentified emitters 

in the green and in the orange spectral regions. Addition of COp 

NpO and CO has shov near infra-red emission of these molecules, 

caused by transfer of vibritional energy from the ground electronic 

state of molecular nitrogen. To further the uriderstanding of the 

N« emission observed in seme afterglows, a detailed perturbation 

calculation for the v =•: 1 level of the JiZ  state and the v = 11 
2 

level of the A n has been undertaken. 

A new set of studies in a well-behaved plasma produced by 

means of a brush cathode has been undertaken. Spectroscopic, 

electron probe, and voltage-current measurements are being made 

in hydrogen and in hydrogen-helium mixtures at pressures near 

1 nan Pig. 

The  condensed phase studies of molecular solids has not had 

any significant results, 

A review article on "Flame Kinetic Studies" is being prepared 

for publication in an Academic Press, Inc. series on "Methods in 

Experimental Physics", Volume VIII entitled "Atomic Physics". 
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II 

EMISSION FROM OHE REACTIONS OF VOIATILE SILICON COMPOUNDS WITH 

ACTIVE NITOOGEN 

K. Schofield 

Abstract 

Using an atonic flame technique, more detailed stvdies of some 

of the initial findings, resulting from, the addition of volatile 

silicon compounds to active nitrogen, have been pursued. These 

studies have centered on photographic and high resolution photo- 

electric emission detectors in the 2000 - 9000 A region, of some 

of the interesting phenomena and new systems previously reported 

by the author. 

Efforts have been made to observe any spectral dependences on 

the system's variables, such as working pressure, flew rate, 

concentration of additive, etc. Following the preliminary findings 

the additives used have been SiCl. and SiBr. , the former giving rise 

to two systems of SiN and a yet unassigned green system, whilst the 

latter gives an interesting gaseous orange system emission, as yet 

unreported. Established systems have been studied in detail, whilst 

efforts are being made, with the newly observed systems, to correctly 

assign them to the emitting molecules, establish the electronic 

transitions involved, carry out a vibrational numbering of the 

individual bands and observe the rotational structure of any bands 

of sufficient intensity for such an analysis. 

By adding GeCli to discharged nitrogen a spectrum of GeN 

previously unreported has been obtained. 

Objective 
2 

Recent double-resonance experiments involving the IK TI and 
2 
B £ electronic states of CN have been successful. Since molecules 

as SiN, Np, CO etc, likewise have nine valence electrons, these 

are basically identical having the same kind of electronic states 
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spaced in a similöx manner. Consequently by observing the perturbations 
2   2 

in the B E - X E system of SiN as a function of pressure, added 

inert diluent, flow rate, etc., information as to the nature of 

the collision processes involved, the rates and mechanisms for 

populating and depopulating the rotational, vibrations! and 

electronic levels may be derived. If as with CN, population 

inversions are obtained, then the feasibility of inducing microwave 

transitions between levels near the perturbed levels c&n be 

established. 

Program 

1. Observe the violet spectnm of SiH. 

"tie B JL - X E SiN violet bands are fairly well established 

and those observed have been assigned to the particular vibrational 

transitions which they represent. A search is to be made for 

all these bands and possibly others which would be fitted into 

the general scheme. 

Measure relative in -ensities and observe as to whether these 

are a function of any variable of the system. 

Using the strongest bands, t^serve the rotational structure 

and note any rotational perturbations present. These regions of 

the perturbations are to be studied in detail as to any effect 

due to pressure, flow rate, etc. 

2. Other systems of Sill 

Look in the 1 \L    region for evidence of the unobserved yet 

expected "Red" A2n - X2^ system of SiN. 

The other system of SiN observed by Mulliken and assigned 

not very confidently to the Cu - A n transition has always been 

observed as very weak emission, giving double-headed bands as 

compared to the single headed T. ~    i. violet bands.  It has been 

found, however, that when the flawing atomic flame system is 

passed through a cold (liquid Np) trap the resulting blue glow 

from the trap contains these Mulliken bands, greatly increased 

in intensity relative to the B - X violet bands, and they become 
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readily observable. The bands observed by Mulliken are to be 

searched for and a check made on their vlbrational assignments, 

and consequently a check as to whether the upper state of the 

transition is C il or whether the transition observed is the 

B2^ - A2!!. 

A new type of cold trap is to be used to facilitate observation 

and make it possible to study the emission as a function of wall 

temperature, possibly down to k  K. 

3. The  newly observed 'orange system' in the 5700-7500 A region, 

produced by the addition of StBr. to active nitrogen and observed 

as a gaseous emission rather than the known orange NBr emission, 

which can occur on the walls of the reaction vessel, is to be 

studied in more detail so that various assignments can be made. 

h.    Similarly the 'green system1 resulting from SiCl^ and active 

nitrogen is of unknown origin. It appears in the 5150 - 6000 A 

region and will be studied in as complete a spectroscopic manner 

as the intensity permits. 

5. Investigate the spectral emission resulting from the addition of 

GeCl> to active nitrogen. A strong turquoise emission results 

and a clearly banded system is observed in the h200 -  5200 A region 

which can possibly be safely assumed to arise from the B £ - X ^ 

transition of GeN owing to the similar nature GeN must have to 

CN, SIN and other nine valence electron diatomic molecules. 

Before an analysis and complete assignments can be made in 

this case, owing to the fact that natural germanium exists with 

the following masses and abundances, 

70 (20.516), 72 (27,5^), 73 (7.8^), 7»+ (36.6^), 76 UM) 

which complicates natters too much, a relatively pure isotopic 

sample of GeCl. is required containing only one or possibly two 

of the isotopes. 

Sunmary of Progress 

1. Violet Spectrum of SiN. B L - A. 

The E - T: system lies in the 3780 - 5260 A region, bands 
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with Av = 0, +1 being strong campared with the other sequences, 

these strong bsnds lying between kOOO - k300 A. 

So far, the 3650 - 7000 A region has been carei\illy scanned 

for all bands of this system, those previously reported have 

been picked out and measurements are now being carried out on 

the remaining unknown features to see if any belong to this seme 

system. The scan will soon be expanded down to 2000 A and 15) 

to 10,000 A for ccmpletion. 

As to whether relative band intensities, und hence vibrational 

populations, vary with working pressure and other conditions, 

has not yet been entirely settled and more measurements at various 

settings are required. 

The (1,1), (2,2), (3,3), (M), (5,5), and (4,3), (5,4), 

(6,5), (7,6) bands are intense enough to be studied in detail, 

particularly for the presence of perturbations. The only observed 

perturbations occur in the v' - k bands at the rotational levels 

J « lU, 19 and 21, showing well in the P branch of the (U,U) and 

(U,3) bands. 

A preliminary observation of these perturbations has shown 

behavior apparently dissimilar to CN as regards the effect of 

working pressure. In the 10-30 nsn Hg pressure range no definite 

evidence has yet been obtained to show that the perturbation 

is a function of pressure. One scan at U mm pressure did seem 

to affect the P(22) line but until repeated is unreliable. More 

scans of the perturbation region at various pressures will be made 

over as large a pressure range as possible. Using standard 

perturbation isethods it is hoped that some information as to the 

perturbing state can be obtained, the most probably one being 

the A2n. 

"Red" syt'em of SiN A2n - y?!, 

No evidence for its occurrence has yet been obtained but a 

further attempt to observe it is to be made soon. 

By considering all the established 9 valence electron diatomic 

molecules and noting the relative positions of the known ITE, 
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A II and X^E states, general trends can be seen. It can be 

concluded from  such an analysis that whilst CN and N? are almost 

identical and show similar B-X and A-X transitions, SiH ought to 

be almost identical to CP whose levels are known. For CP, however, 

it is the JTZ  -AD transition and the B-X transition which are 

observed so it might be expected that observed transitions of SiN 

would be a B JC - ICH and a B il - A TI. An estimate of the region 

in which one might expect the A-X transition can b*5. made. The 

(0,0) band would fall probably around 1^,000 A. Observation is 

planned out to 10-11,000 A in the hope that some bands at the 

short wavelength end of the system may be picked up. 

Mulliken (1925) reported obsex^ving a very weak system of 

double-headed bands along with the strong B E -• "XTZ violet bands 

of SiK. He reported bands from 318O - p620 A and attempted a 

vibrational assignment, perhaps a little doubtful, from which 

values for uu and tu x , the vibrational frequency and anharmonicity 

constant for the upper and lower electronic states of this 

transition were derived.      The w   and UJ x obtained for 
e    e e 

the upper state differ greatly from those h^u by Jenkins and 

Laszlo for the BL.  state. Consequently, unless Mulliken's 

vibrational assignment is incorrect, the observed transition appears 
2 

to be a C - A H one. 

Since Mulliken*s initial observation of this weak system, 

no other reports on the system have been made. A method has been 

found, however, to enhance the intensity by passing the flowing 

gases into a cold liquid N« trap. Ihis trap emits a bluj glow 

which consists of the L, -    L,  system along with the double-headed 

Mulliken'B bands. The region 3^00 - 7100 A has been carefully 

scanned. All the bands in this region reported by Mulliken have 

been observed whilst new ones above 5^20 A are observed. The 

region 2000 - 3^00 A still needs to be covered, so that as many 

new bonds as possible can be observed, to check the vibrational 

assignments previously made. This work should establish this 
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system more definitely. 

The relative intensities of these double headed brands are 

to be compared at liquid Np teinperature, in the trap, with the 

very weak emission from the room temperature atomic flane. A 

more versatile trap is to be tried so that its temperature may 

be varied to see if wall temperature is an important factor in 

enhancing the doubled headed bands. To check any population 

changes, the C - A and B - X violet bands will be ccaapared as 

to variation of intensities of the bands of one system relative 

to the other. 

3.  "Orange System" 

The  orange system, the emission from an orange colored afterglow 

resulting from adding traces of SiBr. to discharged nitrogen, 

has so far been photographed at low dispersion. Plates showing 

higher dispersion and resolving power are to be taken as also 

are photoelectric tracings, in an attempt to assign the emission 

to the correct emitting molecule. Possibilities are Sip, Br«, 

SiBr, SiN and NEr and since bromine has a 50 '5O natural isotopic 

mixture it should not be too difficult to make a correct assignment. 

Band wavelengths will be measured and a standard spectroscopic 

treatment carried out for the system. 

k.     "Green System" 

As with 3 above, this system has been similarly treated and 

is due for further study in the near future. It arises through 

adding a larger than usual amount of additive, SiClr, to active 

nitrogen and for this reason is expected to arise from. SiCl or 

NCI molecules. The natural Isotopic nature of the reactant again 

should facilitate spectroscopic analysis. 

5. B2!: - X2I System of GeN? 

As listed in the proposed program of work, the turquoise 

afterglow obtained by mixing a trace of GeCl. to active nitrogen 

is, through its similarity to the usual 'blue' B'T - X'T systems 

of 9 valence electron molecules, most probably such a transition 

for GeN. 



The spectrum is too cooplicated to work with "vt present owing 

to the five relatively abundant isotopes naturally occurring. 

Isotopically pure GeO is purchasable, however, so that volatile 

GeCl. can be prepared. If the expected simplification of the 

spectrum result i, a very fulJi spectroscopic study of GeN could 

then be pursued. 

References 

1. Evenson, K., Dunn, J. and Broida, H. P., Phys. Rev. 
136A, 1566-1570 (1964) 

2. Mulliken, R. S., Phys. Rev. 26, 319, (1925) 

3. Jenkins, F. A. and deLaszlo, H., Proc. Roy. Soc. (London) 
A122, 103 (1929) 

Footnote 

Tlarougli the interest of H. P. Broida and K. Schofield in the 

general field of f2«uaes and combustion, it has been agreed that 

they will contribute an article entitled "Flame Kinetic Studies" 

to be published next year by Academic Press, Inc., N. Y. in their 

series, "Methods of Experimental Physics". It will appear in 

Vol. VIII "Atomic Physics". 

Time was devoted to writing this survey type article this 

past sumaer. A brief abstract of the general contents is outlined 

below. 

The  purpose of the article is to outline the experimental 

techniques that have been developed in the last decade or so, 

which make rate constants and reaction collision cross sections 

atta.' .able from flame kinetic studies. Besides discussing basic 

apparatus and types of flames being studied at present, advantages 

and disadvantages of choosing to work at high, mediiaa or low 

pressures art considered. 

All the methods of obtaining flame coaposition are listed 
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and then the specialized techniques pertaining to the individual 

systems are outlined. The aim of the chapter is to cover not 

only bi- and teraolecuiar reactions of neutral speries t»ut also 

those of charged species which can occur in flames, that is, 

ion-mclecule and ion-electron reactions are included. 

Results which have so far emerged from these techniques 

are anaivsed and compared internally, besides externally with 

values obtained from completely different techniques. 
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POPULATION INVERSIONS IN THE B2i: STATE OF N+ 

J, L. Dtmn 

Abstract 

A detailed perturbation calc-.ilation on the mutual interaction 
2 

between the v = 1 level of the B Z  state and the v = 11 level 
2 + 

of the A n state of N0 is nearly completed. Deta on the magnitude 

of the level separations ore available for use in the perturbation 

calculations which will allow calculation of the microwave 

transition probabilities. 

Objective 

Quantitative measurements of separations and relative intensities 

of the perturbed levels in the bl.  state of Np and methods for 

producing population inversions in these levels are desired. By 

measuring relative intensities of the rotational, vibrational, 

and electronic transitions as a function of pressure, temperature, 

and inert diluent, it should be possible to formulate a kinetic 

model which describes the exc-  -j.on and relaxation mechanisms 

for the perturbed levels of interest.  In this way, values for 

radiative lifetimes, relative populations, and collisionai 

relaxation tJjries can be obtained. Employing a standard quantum- 

mechanical perturbation calculation and using the measured values 

of the level shifts, values for the microwave transition probabilities 

between perturbed levels can be obtained. An extension of these 

problems is to determine the feasibility of possible microwave 

double resonance experiments. 

Program 

1.  Perform quantitative measurements of the perturbed level 

shifts in the (i,n) bands of the B L - X £ transition. With the 

existing facilities, attempt to observe and label the complementary 
2 

perturbation originating in the v = 11 level of the A II state as 
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obtained in the AH - A! transition.  From the level shifts, 

calculate the microwave transition probabilities. 

2. Investigate the pressure dependence of possible mechanisms 

which could affect the relative populations, radiative lifetimes, 

and collisional relaxation times of the perturbed levels. 

3. Measure relative intensities of the perturbed, unperturbed, 

and extra lines as a function of pressure, temperature, and inert 

diluent. With this information, formulate a kinetic model for 

the competing processes i^om which values for the relative 

populations, radiative lifetimes, and collisional relaxation 

timeü can be obtained. 

k. If feasible, attempt to obtain microwave spectra among the 

perturbed and neighboring unperturbed levels by the microwave - 

optical technique (double resonance) to determine the hyperfine 

structure and the dipole moment of the electronically excited states, 

Suamary of Progress 

A detailed perturbation calculation on the mutual interaction 
2 

of the nearly degenerate v = 11 level of the A 11 state and the 
2 

v = 1 level of the B S state is nearly complete.  This method 

follows closely the calculations carried out by Eadford on the 

isoelectronic molecule CN. The values of the perturbing matrix 

elements, level shifts, and the hybrid eigenfunctions (linear 

combination of unperturbed eigenfunctions) will be used to calculate 

the microwave transition probabilities.  In the rotational 

structure of the (1,0), (l,i) and (1,2) bands of the B2E - X2^ 
u g 

transition, the anomalous multiplet splitting observed by Coster 
2 

and Brons , with a maximvsm occurring at J = 13f, is well resolved 

using a double-pass 0,75 meter monochromator of the Fastie-Ebert 

type in the 2nd order with a 1200 line/mm grating and 6 ^ slit 

widths.  In addition to the known splitting an additional resonance 

type multiplet splitting was observed, with a maximum occurring 

at J = -|, and whose level displacements were approximately one 

order of magnitude smaller than the perturbation occurring at 
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Futvire Plans 

As the perturbation calculations are completed and values for 

the level separations and microwave transition probabilities 

are obtained, one phase of the problem will be completed. There 

remains the quantitative study of the effect of pressure and 

temperature on the relative intensities of the unperturbed, perturbed, 

and extra lines of the v' = 1 levels of the B'T - A E transition. 
u    g 

In order to obtain information abou;. the relative populations 

of the perturbed levels, the radiative lifetimes, and the 

collisional relaxation times, relative intensity measurements 

of the perturbed, unperturbed and extra lines will ie undertaken 

in detail. 

Beferences 

1. Radford, H. E., Phys. Rev. 128, 231 (1962) 

2. Coster, D., and Brons, H. H., Z. Physik 73, ik'f  (1932) 
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IV. 

VIBRALUMINESCENCE OF C02> ^0,  AND CO 

IN ACTIVE NITROGEN 

E. L. Milne* and J. L. Dunn 

Abstract 

Addition to e stream of active nitrogen, of C0_, N-O or CO 

causes near infrared emission corresponding to the vibrational 

fundamentals cf these added molecules. Excitation of these 

infra-red active gases was studied in the Levis-Rayleigh, orange 

and pink afterglows of nitregen. The energy source of the 

excitation was determined to be vibrationally excited molecules 

of N2(X V ). 

Objective 

"Vibraluminescent processes," or collisional processes in 

which energy is transferred from a vibrationally excited molecule 

to a secondary molecule, resulting in the emission of radiation, 

have not had much systematic study. These studies will use a 

microwave discharge in a fast flow system to produce vibrationally 

excited molecules and the vibraluminescent reactions will be 

sought in the region after the discharge and the collision cx-oss- 

sections measured. 

Program 

1. In a qualitative manner, search for infra-red emissions 

obtained with the addition of infra-red active molecules to active 

nitrogen. 

2. Vary f e relative concentration of atomic nitrogen and 

vibrationally excited nitrogen to determine the energy process. 

3. For systems which produce radiation, obtain high resolutions 

(as high as intensities permit) emission spectra at various 

- 15 - 

* GM Defense Research Laboratories, Santa Barbara 



positions along the flow stream. Frcai these spectra, determine 

the time  variatiou of vibrational and rotational populations 

("temperatures"). 

k.    Using the infra-red emitters as probes, study the vibrational 

quenching effects caused by non-emitters. 

Summary of Progress 

In the initial experiments prepurified Np was used in a fast 

flow system, in which an electrodeless discharge was maintained 

in a de Laval nozzle (l ram orifice) in a 13 nm o.d. Pyrex tube. 

Ttie  discharge was powered by a 2U50 Mc/sec, 125 watt magnetron 

supply coupled to a l/k wave coaxial cavity. 

Addition of small amounts of CCU after the discharge caused 
1 

strong quenching of the N« pink afterglow and produced strong 

emission in the CCL UOl"- band. The CO,, k.Sv-  radiation was also 

produced strongly in the Np orange afterglow which precedes 

the pink region and less strongly in the Lewis-Rayleigh afterglow. 

The peak of the CCL emission was shifted toward the long wave- 

length side of the U.3M- atmospheric absorp'ti00 bands. 

Since the products of a nitrogen discharge include a mixture 

of N atoms, vibrationally end electronically excited molecules, 

and ions, a series of experiments was designed to distinguish 

between these possibilities as the source of the COp excitation. 

High purity Ke and Ar were pumped through a discharge in the 
2 ^ 

nozzle. The addition of CO^ to these energetic gases ' failed 

to produce any detectable infrared excitation. 

Discharged Np and mixtures of Np in He or Ar were passed 

through a glass wool plug to deplete the concentration of 

vibrationally excited nitrogen (N^) and produce mixtures with 

enhanced [N] / [Np] concentration ratios. NO was added to these 

gases just upstream of the reaction chamber to produce controlled 
t U 5 

amounts of Np  * . Addition of NO always produced an increase 

in the intensity of the COp radiation. Generally, the increasing 

U.Sp. band intensity reached  maximvan at or near the end-point 
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of the NO titration. Hence, Np rapidly exchanges vibrational 

energy with C0o while N-atonis have little or no effect in the 

excitation of CCL. 

For both the U.3^ C0p and ^,5^ N?0 bands, the emission 

generated in active nitrogen was shifted to longer wavelengths 

than was anticipated for room temperature bands. When excited 

in the Lewis-Rayleigh afterglow, these band peaks appeared near 

2280 cm" and 2180 cm* respectively. When excited in the N 
•1 -1 

"pink" afterglow, they appeared near 2270 cm  and 2170 cm . 

The shift to longer wavelengths indicates excitation of high 

vibrational levels in the v» modes of CO« and NpO. 

Recent experiiuents show that Np vibrational energy also 

is exchanged with CO leading to strong emission in the CO band 

near ^.7^. Moreover, vibrationally excited CO has been formed 

in the afterglow of a discharge through CO. 

References 

1. Beale, G. E. and Broida, H. P., J. Chem. Phys. 31, 1030 (1959) 

2. Schmeltekopf, A. L. and Broida, H. P., J. Chem. Phys. 
39, 1261 (1963) 

3. Prince, J. F., Collins, C. B. and Robertson, W. W., 
J. Chem. Phys. UO, 2619 (I96U) 

k.    Morgan, J. E,, Phillips, L. F. and Schiff, H. I. 
Discussions Faraday Soc., No. 33, 118 '1962) 

5.  Phillips, L. F. and Schiff, H. I., J. Chem. Phys., 36, 
1509 (1962); 36, 3283 (1962) 
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v. 

THE BRUSH CATHODE PIASMA IN HYDROGEN 

G, A. Woolsey 

Abstract 

The  discharge in hydrogen at pressures nenr 1 mm Hg, obta^neä 

using a brush cathode, appears similar to that in helium.  It 

consists of a narrow relatively dark region adjacent to the cathode, 

together with a negative glow which extends beyond a ring anode. 

Stark effect measurements of the ej.ectric field in the dark region 

show almost the entire tube voltage (•** 2kV) to be across this 

space. Consequently, a uniform electron beam is generated with 

energy of the order of 2  keV, which accounts for the negative 

glow extending one or two orders of magnitude further than that 

in a normal glow discharge. Probe measurements, together with 

the fact that it is field-free, show the negative glow to be a 

plasma. Attempts to measure charge-carrier concentrations 

spectroscopically have so far been unsuccessful, due to the low 

positive ion densities (~ 10  cm ) in the plasma. 

Objective 

The  well behaved helium plasma  ^med in a brush cathode 

discharge suggests the desirability of extending this technique 

to other gases.  It has been decided to study the mechanism 

and properties of the hydrogen brush cathode plasma, and in 

particular, to investigate the possibility of using the Balmer 

or other hydrogen series, and its associated continuun, in a 

spectroscopic study of plasma parameters. In addition to the 

use of hydrogen plasma,, brush cathode studies will be made of 

other pare gases including argon, nitrogen, and perhaps oxygen. 

Program 

1. Obtain a hydrogen brush cathode plasma, sufficiently ionised 
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to allow observation of the Baltner series limit, and hence measurement 
23 3 

of charge carrier concentrat ons ' and electron temperature , 

Compare these measurements to those made with a conventional single 

probe. 

2. Failing this, 'ise mixtures of hydrogen and helium in an 

effort to increase the degree of Ionisation, and thus allow the 

Balmer series to become a useful method of study. 

3. Measure the high field close to the cathode in the hydrogen 

discharge from a study of the Stark effect in that region. 

h.      Observe the effect on the optical properties of the hydrogen 

plasma, of cooling to liquid nitrogen temperature. 

5. Investigate the decay of the plasma by a spectroscopic study 

of the afterglow. Such an investigation is well suited to this 

type of plasma, as initial conditions can be accurately found. 

6. Compare the mechanism and properties of the hydrogen plasma 

with those of helium , and with those of other gases, fbr example, 

an electronegative gas such as oxygen. 

Summary of Progress 

The hydrogen brush cathode plasma has been investigated in 

a U cm diameter quartz tube, containing a brush cathode and ring 

anode placed a distance apart of 12 cm. The brush cathode used 

in the present study consists of a closely packed cylindrical 

arrangement of molybdenum wires. The wires do not touch each 

other, except where bunched together at one end. At the other 

end, the wires form a set of sharp planar points. The diameter of 

the brush is just less than that of the tube, and its length is 

3 cm. Pover was obtained from a 5000 V D.C. supply. 

Maximun hydrogen purity was ensured by passing the gas through 

a palladiiaa leak, and flowing it through the tube during 

investigation of the plasma. The main experimental difficulty 

encountered was the tendency of the dii charge to strike to the 

edge of the brush cathode, as well as to the planar points.  This 

was believed to be due to metal sputtered on the tube wall forming 
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a conducting path past the front of the cathode. The problem 

was solved by placing a 5 nm length of glass tubing ero\md the 

front edge of the brush cathode; this broke the conducting path, 

as no metal sputtered onto the tube over the 5 nm length. 

The pressure range from 0, to 3 mm Hg has been studied, and 

preliminary results indicate that the hydrogen plasma behaves 

rather similarly to that in helium . Typically at a pressure 

of 1 mm and current of 30m A, a purple negative glow fills the 

entire tube, apart froa a narrow jeftthode dark space (~ 3 mm), 

and bright pink cathode glow, which can be observe in the volume 

of the brush, as well as for a short distance (~ 1 mm) in front 

of the cathode. The  boundary between the negative glow (plasma 

region) and the cathode dark space is sharp and flat. Current 

decrease moves the plasma boundary away from the cathode, decreases 

the light intensity from all regions, and reduces the overall 

plasma length. For all pressures below 1 mm, similar phenomena 

are observed, although in the 500 micron region, blue fluorescence 

of the tube wall dominates the plasma glow. At pressures of 1 mm 

and greater a pink anode glow exists at low currents; this 

disappears as the current rises above 10 m A. Above 1.5 mm 

the anode glow persists throughout the current region studied, 

0 to 100 m A. 

Data on the electric field in the regie between the cathode 

and plasma boundary was compiled from Stark effect measurements. 

The n components of the H^ line gave the most easily observed 

splitting ( ~ 0.5 A ), both in the cathode glow and cathode dark 

space. Measurements shewed that the total tube potential was 

concentrated between cathode and plasma boundary. No Stark 

effect was observed in the negative glow, the Hg line being very 

narrow here compared to the high field region.  These results 

indicate that electrons accelerated by the field form a high 

energy beam, which generates a field-free negative glow, or plasma. 

The reason for the existence of such a large field is still not 

clear, although it may be due to the formation of a high density 
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positive ion space-charge region Ln front of the cathode. A 

higher density than that found using a normal cathode may result 

from the larger cathode surface area associated with the brush 

cathode. 

Spectra of the plasma have been obtained in the ultr'-violet 

and visible regions. It vas hoped to measure charge-carrier 

concentrations and electron temperature by analysis of the Balmer 
2 3 

series limit and the associated continuum  . This however, 

has so far proved impossible. The  first few lines of the Balmer 

series can be clearly observed, but the presence of large numbers 

of molecular lines makes further analysis difficult. The highest 

order line of the Balmer series to have been resolved is HQ. 

Furthermore, an investigation of plasma parameters using a Langmuir 

probe revealed a relatively low electron concentration of the 
10  -3 

order of 10  cm , while the electron temperature was about 

8,000 K. Such a concentration does not allow analysis of the 

plasma using the series limit, as a positive ion concentration 
12  -3 

of the order of 10  cm  is required before any effect on the 

limit can be observed. The problems existing are therefore those 

of low dissociation and Ionisation in the plasma and attempts to 

overcome them will be made by going to higher tube currents, 

and by adding varying amounts of helium to the plasma. 

Current voltage characteristics for the discharge were 

plotted at several pressures, t-nd these are very similar to those 

obtained in helium . 

Two further quartz tubes have been designed. In these the 

cathodes are of tungsten, used to reduce sputtering.  In one, 

the cathode is fitted using 0-rings, to facilitate cleaning, and 

an opening at the anode end will allow probes or additional gases 

to be added.  The second tube is sealed off to allow it to be 

cooled to liquid nitrogen temperature. Both tubes have been 

designed to allow them to be used for afterglow studies. 
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VI. 

VELOCITY OF SOUND IN ^ÄM DER WAALS CRYSTALS 

S. L. Shapiro 

Abstract 

Preliminary experin^nts investigtting Prillouin scattering 

in selected materials are in progress. The main goal is the 

detection of Brillouin scattering in tie simple molecular crystals 

of Np, 0o and Argon in order to learn more about van der VJaals' 

crystals. Although measurements on the elastic properties of 

polycrystalline argon have been carried out by the ultrasonic 

method, crystals crown hy the modified Bridgman technique have 

never been analyzed for elastic constants. 

Object?-"-e 

The method to be tried for measuring the elastic constants 

is to use a He-Ne laser at 6328A to excite Brillouin scattering. 

The object is to obtain information about the crystal 

structure by looking at the positions, intensities, and shapes 

of the Brillouin lines. The velocities of sound in the crystal 

may be obtained by an accurate measurement of the position of the 

Brillouin components, the intensities give a measure of the probability 

of photon-phonon interactions, and the half width of the line 

gives a measure of the lifetime of the phonon (attenuation 

coefficient). 

A parameter which will be varied is the temperature, since 

the thermal waves (acoustic waves) are a function of T.  In addition 

the crystals may be doped with impurities and the resulting 

intensities, positions and half-widths of the Brillouin lines 

measured. 

Provisional Program 

1. Irradiate liquids and solids to repeat other investigators' 

vork. 
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2.  Irradiate Ar, 02 and li?  crystals 

3-  Dope Argon with 0,,, and irradiate in order to measure the 
c. 

attenuation of sound waves as a function of the partial pressure 

of oxygen and the temperature. 

Sunmary of Progress 

Some experimental equipment has heen assembled and preliminary 

experiments arc underway to test the feasibility of the experiment. 

In initial experiments, liquids ire being irradiated with a small 

He-Ne laser at 6328Ä.  The Brillouin shifts will be measured by 

using a Pabry-Perot interferometer. The velocities of sound in 

liquids are about the same as the velocity of sound in crystalline 

argon. Such a crystal is held together by very weak van der Waals' 

forces and hence the velocity of sound (~ 1700 m./sec) is rather 

small as conpared to other solids. The Brillouin scattering 

formula applies.  It is 

2 
AX = X nv sin cp^p 

c 
n » index of refraction (for ergon ~ 1.25) 

c = speed of light 

X = wavelength of laser light 

AX 3 wavelength shift of Brillouin line from laser lines 

cp = angle of scattering 

Thus far, no Brillouin scattering has been observed. Tie 

cause for this is not yet understood and efforts are being made 

to locate the difficulties.  In addition a review of the 

published literature on Brillouin scattering is being undertaken. 
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VAX. 

FREE CABRIER M0BILI1Y DJ SOLID AI© LIQUID RAEE GASES 

H. D. Pruett 

Abstract 

Several additional pieces of experimental equipaent have been 

added to the exiswing apparatus. N-umerous experimental difficulties 

have been solved, and conductivity pulses have been observed in 

liquid and solid argon. 

Objective 

The  objective of these investigations is to determine the 

nature of a few simple free-carrier interactions in rare gas 

liquids and solids. 

Program 

1. Develop a technique for growing crystalline rare gas solids 

between metal electrodes, suitable for measuring the free-carrier 

mobilities in such materials. 

2. Compare positive and negative free-carrier mobilities in 

liquid and solid argon at temperatures near the triple point 

of argon (83 K). 

3. Measure free-carrier mobilities in solid argon as a function 

of temperature and as a function of impurity density for various 

impurities. 

k.    Measure height of conductivity p\ilses in solid argon as a 

function of applied voltage and as a function of impurity content. 

5.  If possible, use results of these measurements as the basis 

of a theoretical model to explain simple electron interactions 

which predominate in van der Waals' solids. 

Summary of Progress 

Experimental investigations to determine the free carrier 

mobility in solid argon have continued through the period covered 
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by this report. At the beginning of tlds period, several attempts 

were made to ute optical excitation as a means of generating free 

carriers in solid and liquid argon.  The attempts were unsuccessful 

and optical excitation methods vere discarded in favor of the 

original alpha-particle induced excitation method. 

A temperature control system using liquid oxygen as a 

refrigerant has been completed and is presently in use.  This 

evaporative cooling system permits easy and accurate control of 

temperature over the liquid oxygen pumping range. If still lower 

temperatures are desired, other liquids, such as hydrogen or neon, 

could be used as the refrigerant. 

An automatic pressure regulator for use with the evaporative 

cooling system is also been completed. The regulator, which is 

connected in parallel with throttle valves between the refrigerant 

and the vacuum p'Jtap, will maintain a given pressure to within 

+ 1 nm Hg. This means that the temperature of the refrigerant 

can be controlled to within + 0.1 K for most of the temperature 

interval of intoxest.  Refinements on the regulator could improve 

the temperature control to }lur> or minus a few millidegrees, 

but such accurate temperature control is not needed for the 

present investigations. 

In order to study conductivity pulses in liquified rare 

gases, a 10 KV power supply has been procurred. Using electrode 

spacings of less than 1 nan, electric field strengths in excess 

of 100 KV cm can be obtained. When using such narrow electrode 

spacings, the capacitance of the electrodes introduces part of 

the output ripple of the power supply onto the desired signal. 

To eliminate this problem, a h^gh voltage ripple filter was 

constructed having an attenuation factor of about 72 db for 

120 cycle ripple.  The ripple filter is also effective in 

eliminating seme rather curious insulation breakdown pulses 

apparently caused by high energy cosmic rays. 

An oil diffusion pump system has been construe-ed so that 

tne cell where the rare gas crystals are grown can be evacuated 
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to a pressure of about 1 x 10  nan.  This step was taken to insure 

a clean system prior to introduction of the ultra-pure gases 

used for growing crystals. In addition, an activated charcoal 

trap, operated at liquid oxygen temperature, has been added 

between the rcre gas supply and the working cell. These two 

steps were taken in an attempt oo reduce the oxygen impurity 

content as much as possible. Some related electron attachment 

studies i:i liquid argon have shown how significantly oxygen 

as an Impurity can reduce the magnitude of the expected conductivity 

pulses. 

Conductivity pulses have now been observeri in both liquid 

and solid argon. Electrical pick-up noise proülems have 

prevented the taking of quantitative data. This  troublesome 

problem has not yet been completely solved. 

Future Plans 

Plans for the immediate future are to begin taking 

quantitative data on free carrier mobility in rare gas solids 

and liquids as soon as an acceptable signal to noise ratio is 

obtained. Mobility data will be taken as a function of 

temperature and pulse height data will be recorded as a function 

of applied voltage. 
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VIII. 

A SFECTROSCOPIC STUDY OF THE CHARGE TRANSFER 
MECHANISNE IN BENZENE IODIDE 

J. S. Margolis 

Abstract 

An attempt is just underway to investigate the visible and 

near ultraviolet spectrum of iodine-benzene complexes.  Insofar 

as is possible the investigation will be made using single crystals 

or clear polycrystals of the solid material.  The investigations 

will be made over a tempera!ire range which extends from room 

temperature to liquid helium temperatures. 

Objective 

The objective of this study is to determine the naturs of 

the interaction between the iodine nolecule and benzene by the 

study of their spectra. 

Program 

1. Produce good single crystals of benzene and benzene iodide. 

These must be made on the order of 0.5 mm thick and in a container 

rhich will transmit the near ultraviolet light usrd in the 

experiments. 

2, Build up a cold cell which will allow the spectra of the 

complex to be taken at liquid helium temperatures. 

Summary of Progress 

In the time that this investigation has bean in progress 

it has been learned how to make good clear crystals of solid 

berzene. An apparatus has been built up for this purpose and s 

new crystal growing tube has been designed to grow crystals 

sufficiently thin for this study. 
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Future Plans 

The new crystal growing will be built and the spectra of 

crystals made in it will be taken with the Fastie-Ebert scanning 

monochromator. 

?9 - 



DC. 

PUBLICATIONS 

July 1, 196U - December 31, 196U 

1. Charge-Transfer Absorption Spectra of NO in Kr and CH-OH 
Solutions 

Ferguson, E. E. and Broida, H. P. 
j. Chem. Pbys. UO, 3715-16 (196U) 

2. Spectral Study of Active Nitrogen Flames Exhibiting CN 
"Tail" Bands 

Brovm, Robert L. and Broida, H. P. 
J. Cheia. Phys. U^, 2053-2060 (196U) 

3. Five Microwave Discharge Sources Operating at 2^50 MHz 

Fehsenfeld, Fred C., Evenson, K. M., and Broida, H. P., 
R.S.I. (Accepted) 

k.    Optical Detection of Microwave Transitions Between Electronic 
States of CN and the Identification of the Transitions 
Involved 

Evenson, K. M., Dunn, J. L. and Broida, H. P. 
Phys. Rev. I36A, 1566-.570 (1964) 

5- A Possible Mechanism for Light Absorption by Interstellar 
Grains 

Ferguson, E. E. and Broida, H. P. 
Astrophys. J. (Accepted) 

6. Laser Possibilities of Chemically-Excited Molecules 

Kikuchi, T, T. and Broida, H. P. 
Appl. Optics (Accepted) 

7. Inverted Population Distributions Produced by Chemical 
Reactions 

Broida, H. P. 
Appl. Optics (Accepted) 

8. Vibraltaninescence of COp and NpO in Active Nitrogen 

Milne, E. L., Steinberg, M. and Broida, H. P. 
J. Chem. Phys. (Accepted) 

30 



Security Classification 

DOCUMENT CONTROL DATA • R&D 
(Security el-ääSi/icafion o! tiils.  b&dy &i äbsttäti nnd ifvie^infi gnrmtBtion mum! bm enlmfsd Vr-hmn Öi# eVefsli ttp&ff is c tasssiieä) 

\    QRlGiHAX\:i Q ACTiViTY (Cäf&&mH *uth&f) 

The Regents of the University of California 
BerKeley, California 

2*    REPORT  SECUSiTY    c i-ASSI PiC* T iON 

Object classlficntinn P^ 
Zt>   s«Out» 

3    REPORT TITLE 

"QUANTITATIVE STUDIES BY OPTICAL SPECTROSCOPY OF EMmt 
mommm mcrnnsm IN SIMPLE GASES AJS SOLIDS" 

l 
4   OEfCSiPTIVE NOTES (Typs al f*p<'tt and incluiin date») 

Semi-annual Technical Report on period July 1, 196^ through December 31, 196k 

S   AUTHORfS^ (Laat name, litit nama, initial} 

Broida, H. P., Principal Investigator 
Woolsoy, G. A. 
Schofield, X. 

I 5. REPORT DATE 

1 January 1965 

Milne, E. L. 
Margolis, J. S- 
Dunn, J. L. 
Pruett, KA Df 

7a.   TOTAL NO.  OF   PASES 

30 I 

lb.  NO- O^ REF9 

Ik 
3«.   CONTRACT  OR  GRANT  NO. 

KONR ^22(01) 
b.   PROJECT  NO. 

ARPA ORDER 125, Amend. #8 

3«.   ORtCtNATOR-S  HEPORT  NüMBERfS^ 

Technical Report #2 

S6.  OTHER REPORT NOfSJl (Any othat numbata faat may ba aaal&iad 
Ihia mpvrt) 

10   A VA It ABILITY/LIMITATION NOTICES 

LL^iited number available on request 

n. SUPRLEMENTARY NOTES M- SPONSORING MILITARY ACTIVITY 
U. S. Navy Regional Finance Office 
Eleventh Naval District 
937 No. Harbor Drive 
Gan Diego 3* -fgyastE 

S3 ABSTRACT 

Saission studies have continued in fast flow systems of nitrogen energized 
in a microwave discharge. 

By changing parameters of pressure, temperature, and mixture, silicon 
tetrehalides ftdded after the discharge have produced two electronic systems of 
SiN, find two separate, unidentified emitters in the green and in the orange 
spectrnl regions. Addition of COp, NO and CO has shown near infra-red emission 
of these molecules, caused by transfer of vibrational energy from the ground 
electronic state of molecular nitrogen. To further the understanding of the H„ 
emission observed in some afterglows, a detailed perturbation ealculation for 
the v  1 level of the B 2 state and the v = 11 level of the A II has been undertekei 

A new set of studies in a well-behaved plasma produced by means of a brush 
cathode has been undertaken. Spectroscopic, electron probe, and voltpge-current 
measurements are being made in hydrogen and in hydrogen-helium mixtures at 
pressures near 1 mm Kg. 

The condensed phase studies of molecular solids has not had any significant 
results, 

A review article on "Flame Kinetic Studies" is being prepared for publication 
in an Academic Press, Inc. series on "Methods in Experimental Physics", 
Volume VIII entitled "Atomic Physics". 

r^ FORM 1 yi"? Q 
U    ;,.4N#4    [H/O       01Ö1-S07-SSÖ0 

Security Classification 



Security Cl: ;s!t!ont catson 

K£Y wosos 

Char^e-transfe'1 josplexes 
Optical Spectroscopy 
Energy Exchange 
Vibralvuninescence 
Molecular crystals 
Plasma 

(i) 

(2) 

(3) 

(45 

(S) 

INSTRUCTIONS 

I.   ORIGINATING ACTIVITY;    Enter the name «nd address 
of the contractor, subcontractor, grünte*, Department of De- 
fence activity or other organizatioi. i cojporafe mithor) issuing 
the report. 

2s,   REPORT SECURTY CLASSIFICATION:    Enter the over- 
all security classification of the report.   Indicate whether 
"Restricted Data" is included.    Marking is to be in accord- 
ance with appropriate security regulations. 

lb,   GROUP:   Automatic downgrading is specified in DcD Di- 
rective 5200.10 and Armed Forces Industrial Manual.   Enter 
the group number.   Also, when applicable, show that optional 
markings have been used for Group 3 and Group 4 as author» 
iaed. 

3. REPORT TITLE:    Enter the complete report title in ali 
capital letters.   Titles ift all cases should bt unclassified. 
If a meaningful title cannot be selected without classifica- 
tion, show title classification in all capitals in parenthesis 
immediately foHowing the title. 

4. DESCRIPTIVE NOTES:   If appropriate, enter the type of 
report, e.g., interim, progress, summary, annual, or final. 
Give the inclusive dates when a specific reporting period is 
covered. 

5. AüTH0R(S}:    Enter the name(s) of author(s) as shown en 
oi in the report.   Enter last name, first name, middle initial. 
If military, show rank ani branch of service.   The name of 
the principal author is an absolute minimum requirement. 

6. REPORT DATE:    Enter the date of the report as day, 
month, year; or month, year.   If more than one date appears 
on the report, use date of publication. 

7a.   TOTAL NUMBER OF PAGES:   The total page count 
should follow normal pagination procedures, i.e., enter the 
number of pages containing information, 

7&.   NUMBER OF REFERENCESc    Ems* the total number of 
references citerf in the report. 

SA   CONTRACT OR GRANT NUMBER:    If appropriate, enter 
the applicdbie numbfr of the contract or grant under which 
the report was wtitiea. 

Si), ie, & Sat. PROJECT NUMBER: Enter the appropriate 
military department identification, such as project number, 
^ubpföjecl number, system numbers, task number, etc. 

9a.   ORIGINATOk'S REPORT NUMDER(S):    Enter the offi- 
cial report number by which the document will be iden .fied 
arid controlled by the originating activity.    This numbtf must 
be unique to this report, 
yfc. OTHER REPORT NUMDER(S): If the report has been 
as&igned üfiy other report number» f« ther by the otig-nalar 
or by the sponsut), also irtiler this nu :.bcr(s), 

10.    AVAILABILITY/LIMITATION NOTICES:    Enter any lim- 
itatiöfts on fufthe-r dissemination of the report, other than those 

imposed by security classification, using standard statsments 
such as: 

"Qualified requesters may obtain copies of this 
report from DDC" 

"Foreign announcement and dissemination of this 
report by DDC is not authorized." 

"U. S. Government agencies may obtain copies of 
this report directly from DDC.   Other qualified DDC 
users shall request through 

"U. S. ifiilitary agencies may obtain copies of this 
report directly from DDC   Other qualified users 
shall request through 

"All distribution of this report is controlled.   Qual- 
ified DDC users shall request through 

it the report has been furnished to the Office of Technical 
Services, Department of Commerce, for sale to the public, mcii- 
cate this fact and enter the price, if known. 

IE SUPPLEMENTARY NOTES: Use for additional explana- 
tory notes. 

12. SPONSORING MILITARY ACTIVITY: Enter the name of 
the departmental project office or laboratory sponsoring (pay- 
ing {or) the research and development.    Include address. 

13. ABSTRACT:   Enter ar abstract giving a brief and factual 
summary of the docurient indicative of the report, even though 
it fftsy aiso appear elsewhere in the body of the technical re- 
port.   If additional space is required, a continuation sheet shall 
be attached. 

1; is highly desirable that the abstract of c'iassif'.ed reporis 
be unclassified.   Each psragraph of the abstract shall end with 
an indication of the mililary security classification of the in- 
formation in the paragraph, represented as (TS). <S). (C). ur (U). 

There is no limitation on the length of the abatr-ic 
ever, the suggested length is from 150 to 225 words. 

How 

14.    KEY WORDS;    Key words are tecnmcally meaningful terms 
or short phrases that characterize a report and may be used as 
index entries for cataloging the report.    Key words mu it be 
selected so that no security classification is require...    Identi- 
fiers, such as equipment model designation, trad» name, military 
project code name, g» Jgrapruc location, may be used as key- 
words but will be fol.vwed by an iüüicatiön of technical con- 
text.   The assignmenl of links, roles, and weights is optional. 

Security Classification 


