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During the period April 1 to July 1 the same personpel vere involved
as in the previous period. Resesrch has ccotinued elong three lines: (1)
study of development of photomensitivity on cesius addition; (2) study of
phosoecathnde composition, and (3) study of structures of cesium oxides.
The chief results sre summarized in the next section and several experi-

WCTs G4 € U9l duuwiriuved in more aetail.

SUMMARY

In the last progress report an account was given of several experi-
ments in which cesium was slowly added to ar oxidized silver sheet and
thermionic emission measured continuously during the process. Two mxim
in thermionic emission vere found, and phototuber were prepared at each
of several stages. The results indicated (1) that the rate of reaction
in the solid phase of the cathode wvas slow, (2) the best photocatinodes
were obtained if the cesium addition was stopped near the second maximum,
and (3) not all of the higher cesium oxides (c3203, Ce0p etc.) were con-
verted to {$g20.

During the present quarter this study has teen continued. VYery small
capiilavies have been used to limit the ce.sium flow rate, and in addition,
yhotoelsctric emlsaion has been followed contipuously during cesium addi-
ticn by mesns of a seil of infrared filters. The capillary diameters and
ienzths have been meamired ac thet nesive Ploer watog coul? %o calcuwlatsd
and nence the composition coull be followed as s function of the time.
As 1eportea previously, twc maxime jin therwmionic emiasion are found. Two

T A

mxim® in photoslestric wmission are 8is0 Tound, dui iLhe

£

~nermionis and photcelantric vielda sre a0t proportionmal. Bubject to some
mof i isatios Marcvase’ e the gext 3ection; ne gross Os/0 stomic ratin
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is appreciebi=. Thus at taoe waximum thermionic emigzion the cesium coOL-
tent is significantly leas than tkat correspondiog to CsyD. This tends
to suppcri the idea, previously advapnced, that 0320 {s oot the ot vy oxide
in the photocathode at equiliurium alipough i1+ wuat oe ihe One present in
™ jor amount as the x-rey work previously raported establishas.

Sy cooling the cegium source. and thus sffactiveliy 2iopping ths sssius
flov st varicus stages, some further [(poformmticn concerning the mechanisa
of reacticn has beeu obtained., In the early stages of fadricatior, ilpter-
mapting the cesium addition, leeds to an immediate drop in both thermionic
exission apd infrared response. In the neighirorkasd of the first maximsum,
interruption of cesiue flow cauies & marked increase in emission to a
mxizmm folloved by a decrease. As Lbhe second maximum In the thermionic
emission is approached, ipnterruptican of cesium flov egain leada to ac
increese in smisszion, but the suusequent decresse i1p cow slow. Slightly
veycpd the second maximm, icterruptionm of flov leads to increase of
eaission to a stablie mxipue, nc subsequent decrease being obsarved. These
ovservations are accounted for {f we assumes the reaction to ne diffusicn

controlled, the diffusion occurring, perbape, through = layer of Cs.C.

2
On this layer, ancther layer of unreacted cesium accumilates. If this
cesium layer is %00 thick or too thin, the work functiom is high and exis-
3ion is lov. Thus iu the early stages where the CIEO layer is thin, reac-
Y1795 iF (apid mnd only & thin cesium layer forms. On cooling the source,
this cesium layer becomes ever thinner and exmissicn drope. As reaction
prozeeda  the N§-7 s - lelcmes thickar 8nl the iea.clion rate 18 LESS,
tous permitting & thickar resi{um layer to develny, sl At so®e slagt tilas

trhitiaess cicewds oAl correspodains oo minimue work function. Bevond

ToO estun, fntertupsion oV CeBiu® Jiuv o Lp acuoospanied by further rzacztlcon



which reduces the cesium rilm thickness. Since this thickness nov passes
Lhrough that of mini <o work function, a maximum in enission occurz. At
a still later stage the ngo layer becomes so thick that decline frcam the
maximun 18 not detectsd during the time of observation. This muy be due
to the fact that there iz still Jjust enough cealum flov to balance tie
reaction rate. A more likely explensaiion is that only a fraction of a
mounclayer of cesium is required for minimum vork function and the resction
rate is proportiomal to the surface concentration of cesium. As the sur-
face concentration 1s reduced tbe reaction rate falls tc such & low value
that it 1s no longer perceptidble ip these experiments. This model seems
quite plausible and is in accord with the results of other iovestigatars.
That Cazo is the rate limiting layer is also plausible both because its
presence is established by x-ray investigatior and =l: . -ause pc suboxide
of cesium (0039 etc.) ie stable at the tcmperature of these cxperiments
(190°C). This mechanism seems plausible, dut further experiments are
continuing in order to test further the hypotheses. The experimental besis
for this mechanism is discussed in section B.

Tvo furiher points are aof interest. In the first place mch evidenre
has accumiulated which shows the pronounced influence of extremely small

amounts of cesium cu the infrared response. The eilfect ls especially

marked at »oom tevmsraturoe
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cegium oY room nuoEperature resulis in a marked loss in photosensitiviiy,
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tempersture;, the yleld incresses warkadly, especially in the infraredf
Factors of two or more are commos. This ie reveread on reheating the
tube. Altbough this behavior has been repeatedly obsexved on cathodes
febricated in this laboratory, the phencmencn is apparently not of gen-
eral cccurrence 8since commercial cathodes are only slightly changed in
response heating. The phenomenon is not clearly ucderstood at present.
The determinmtion of photocathode composition by radiocactive treacers
has progressed feirly rapidly. 81ilicon - cesium chromete mixtures, which
produce cesium on heating, have been made containipg rediocactive cesium
tracer, and means for accurately determining the iracer content have been
worked ocut. Beveral experiments have been performed irn which the cesium
nontent of the photocathode has been determined. The Cs/0 stomic ratio
2 the best phototubes is Zavswrisily less than corresponds to Ces0. the
results are not yet firmly established because the quality of photocathode
is quite variable. Some bave lower iafrared sensitivity then is expected
on the basis of previous experience in the fabrication of siariler cathcies,
s0 further work is required. Other questions concerning cathode sputter-
ing have alsc been raiged which must be settled vefore the cunciusions
become firm. The radiotracer method itself 1s, however, quite simple and
effective. The problems arise in phototube fabrication. Oue result of
interest, vhich seems Ilrrly estabiished, 18 tue rather large amount of
cesium which appearas on the glacs walls. A vlank glass disc, with the
same area as the photocathode is used to protect the cathode back from
radicective tracer. This disc has, after processing, an activity of about
w7 of tne catnode. diace cthe total area of gisgs enveiope is considerebly
reatar thas the cewbole area, s considerable fraction »f cecium (about
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interest for tube fabrication, tecsuse the distillation of even a tiny
fraction of this cesium to the cuthode at room temperature would result
ic a marked loss in puctogensitivity. Wwhether the cesium on the walls is
merely adsorbed or whether it has reacted with the walls to form an oxide
or other comgpound is not known at present. The composition investigation
is continuing.

The crystsl structure of Csp( has been further refined by meens of
more careful intensity measurements, introduction of temperature correc-
tions and other refinements. Using the experimental intensities, & Fourier
proje~tion of electron density has been computed and seems to indicate some
polarization of Cs* in the crystal field.

Several experiments are discussed in more detsil in the following

sections .

B. DEVELOFMENT OF THERMIONIC AKD PHOTOELECTRIC RMISSION

Sy modifications in the experimntél equipment and in the fabrication
procedure, it has been possible to record continuocusl; the therai: :ic emis-
sion and to determine periodically the response of the cathode to light
trasemitted through & series of filters. The experil-enta.l detaiis of this
investigation are presented in the following section. Because of the
reproducibility of the results, the complete data for each cathode prepared
are not presented, but rather the results are discussed in terms of the

vhenomena investigated and observed.

Exggrineutg@

To iavest

cr
o

conveidlently the development of the thermjonic ana

b~

vhotoiier ric emisslos during ceslum addition. {t ~AF necessary to mBRe




several modifications in thz equipment and in fabricetion procedure for

the preparstion of mmsslve cathodes. A schemmtic draving of the equipment

used during the formmiicn of the final photosurface is shown in Fig. 1.
The therzionic simission during the fabricetlon was continuously mea-
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“fhe input resistance to tbe vibrating reed may be varied from 103 to 1
ohma by powers of 10. ‘this perwmits the recording of currents frow
4.55 x 1077 o 4.2 x 10'1‘ amperes full scale recorder deflection. The
thermionic and photoelectric emission dats are reported as millimeters of
recorder deflectica on the 10° chm input resistor range for which the
sensitivity is 0.15 ya/ma.

The photoelectric emission characteriatics of the cathode during tie
casium addition are measured by 1lluminatiorn of the cathode with light
from & G.B. NHo. 31, 6.2-volt bulb, passed throuch a series of filters.

The light filter carrier and the bul! are mounted in a two-inch diameter
orees tube which pasaes tlirough a hole iu the door of a Cenco No. 85350
ovan. The experimental tube was mountad with the cathode in the lignt beanm
as showvn 1o Pig. 1. During the cesium addition the tube wms periodically
illuminoated by the light trarnsmitted through the filters, and the photo-
elactric current was measured on the Brown recorder using the thermionic
emission as the Dase line. With the ligh: source used, the photoelectric

response wAas always large enougk to e readily measured.
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The five filicers used iu the investigation were

FL . clear glass

P2 - Poiaroid YREK-6C A> 775 @y

F3 - Polarcid Ima-3u A> 830 m

P4 - Corning 2540 A> 800 my

¥5 - Pularoid XEN-1k A> 880 mu
fhe spectral response of a 1P25 phototube, determinad by passing the light
beaxn {rom the Beckmmn DU spectropbotometer through the corresponding fil-
tere is shown in Pig. 2. In this figure it is worth noting that the F2
response measures the infrared respanse veyond 775 my without introducing
a large ebsorption correction for weve lengths beyond GO0 my.. In addition,
e catbode which bas an appreciable response beyond 900 mu must have a
tuirly ilurge PS5 response. Thus che ratio F2/(P1-P2) may be used ac =n
approximate measure of the infrared response relative to the visible spec-
trum response.

The procedure for the preparation of a tube vas modified in the fol-

Lowing menner. After the oxidation and the firing of the cesium pellet
in the side tube, the tube was tipped »ff the vecuun sy=2tenm. It was then
mounted in the tube holder attached to the door of the 190°C oven, the
cathode being in position to receive the light veam from the filter systiem.
™
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the oven Coor was closed. As the tube was hsated to 130°C and cesium was
sdde¢ througzh the capillary, ithe thermionic emission was coutinocusly
recordes’ and The phoCOemisslon Wes parliodicall s meaaursd.

The rate of zhe cestux addition during the tuie preparation wus de-

LEPmi ARG L, Lt L ioe carsc.eriatien ol vne capilliars connectime the secdne
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source to the tube. The cesium flcw rate for the capillary was ccrputed

us.ug the equation for free mclecule I'Ic:-‘rul

I. S. imshman, Vacuum Techniques, Jonr Wiley and Scns, Iac., NoY., ¥.Y.

(AA48) p. %6

nlmcles/sac) = X35 rloa ,—f_{n Y
V¥ \&x/
aztl -2
Neg (Boles/sec) = 1.569 2o Prm x 10

where
- ’ 3 Py 1

1+ z -f;)
= length cf cepiilary, ca.
= radius of capiliary, ca.
va.p%r pressure of Cs .n source
x &

atcmic wgt. of Ca = 122.91
62.3% mm. liter deg“l mol "
absclute temperature; °X

H K g R A B
[

The vapcor pressurs of the cesium in the scurce was ccaputed using the

equaticn given by Dushna.nz

7. 1Wd p. 7%

log?-,;“?.&é-é;.ﬂ*

where Fu is the vapcr precssure in =microns and T the absolute temperaturs,
Iuring the fabrication of the cathode at 190°C. it was of interest to
investigate the effect c¢f stopping the cesium addition at various stages
in the process.ng. This was accomplished Ly momentarily opening the oven
door. placiug & piece of cotlon saturated with water on the cesiur sourcse,
and tnan closing the dcor. The cesium vapor pressure in the source was

gz Yok e e 1 s - D Y AR TN - [ L Vo 4 B i _
! T Y - e == - = e T 1) ('—\f{l\; Mnbw 4011 . The

Japor opressure aw WA . Tnow erfaciiveiy stopped the cesium addition.

~



In thas preparaticen <f the cathcdes it wes highly desirable tu repro-
duce the tube geomeiry as closely as possible. C(Ccrsequently the same
cathcde was used in the preparation of PP L6, L7, L8 and L47. After each
run the tube seai-offs wers onened and the surface and tubs envelope cleaned
by washing with &K HNOy followed Ly rinsing with distilled watsr. Por the
tubea PT 465, L7, and L&, the same csapillary was aiso used, 80 what for
these three tubes the actual cesium flcw rates were identical.

The variables which were inveatigated using the massive cathods tubes
were a8 follows:

1. ¥f Lb TE Development of _hermicnic emission with a constant rate
of cesium addition.

2. Pr L6 TE Develcpment of thermicnic and photcelectric emission
with a constant irate of cesium addition., The cesium
gource was cooled once during the run.

3. Pr 47 TE Veriat.on c¢f the thermionic and phoicelectric emission
with cooling of the cesium sourcg. Cathode oxicized
w a brilliant grean, 1.71 x 1072 mole of C.

L. Pr L8 TE Similar vo PT L7 TE. Cathode cxidation barely pexcep-
tible, 0.938 x 1U~2 mole of 0.

5. Pr LY TR Similar tc PP 47 TR. Cathode oxidized to s black color,
3.5 x 1072 mole of C. Cesium flew rate increased from
7.2 x 108 to 38,3 x 1078 mole per winute.
rertine % data for the fabricaticn of these cathudes are presented in Table 1.
The times :clven for the deposition cof a cesium monclayer on the cathode at
190 °* and 100°C were computed by assuming a cathode area cf 2l.1 3:2, a cesium

atom radius of 3.0A, cubic packing of the cesium cn the surfacs, and the

caienlated cesium flow rate.



Table 1

Experimental Tube Demta

— _ Tube T
Inn 3 L7 ;; 1%
Oxygen (Atom Mcl. x 105) 1,30 1,35 171 0.938 3.8
Cs (1% . Noles/Min x 109) 15.1 7.2 7.2 7.2 38.8
Time for Cs Monolayer 190 C 0.06i 0.133 0.153 0.133 0.02L8
(Min.)
Time fcz)' Cs Morolayer 100t LS 103 103 103 15.2

1st. Max. Thermionic Bmission s

(mm x 10° Range) L20 320 14,80 -

nd. . Thermicni i88]
Oi:ﬁra ;ang:} ¢ &mission 550 870 2300 2000 52%
Ccol Cs Max Thersacnic Bmission

(me x 105 Range) 570C 5450 1600

Final Photosesne. (F2/M1) 0.158 0.6 0.512 0.555
Final Photosens. (FS/F1) 0.0 0,148 0,102 0.128
Final Photosens, Peak 1 (my) 970 950 920
Final Fhotosens. long A limit >1500 1550 1300
Final Photosens. % max current A 1075 1085 1015

Discussion of Results

The investigation of the effect of *tiy cesium additioma un the thermi-
onic and photoelectric emiassion has d4¢ ~nstrated that the general charac-
teristics cf the sassive cathoas during fabrication at 190 T are reproducible.
therefore, tc avold unnecessary repetiticn cof the data, the results are

presented irn termz I IhI puecumenas lovestigated.

-



Coxposition and Thermionic Baission

Throughout the fabrication of PP LU TE the cesium addition rate was
constant at 190°C. Consequently, for this cathode, the grose composition
within the tube may be expressed in terms of the Cs/C mcle ratio using the
calcvlated cesium flow rate and the observed amount cf oxygen deposited
doring the oxidation. The cesium flow rate in moles per mimute after
correction fo: the initial hsating to 190°C is

Neg * 7.8 x 1077 & 7.2 x 10-8 (¢ - 24)
vhere t is the time .n minutes. Since 1.35 x 10~ gram atomic weight of
oxygen was deposited during the oxidation, the Cs/( mole ratio after 2u
minutes is

(ca/0)= 5.33 x 103 ¢ - 7.03 x 1672,

The therm.cnic emission of PP LL TE as a function of time and the
(Cs8/0) mole ratio is shown in Fig. 3. The character of ths current being
m=asured was determined by measuring the current as a function cf veltage.
During the first 50 minutes and beyond 200 minutes the current was propor-
ticnal to the voltage correspcnding t¢ an chmic ccnductiin current. In the
region between % and 190 miputes the voltage-current relationship exhibited
a saturation effect corresponding tw thermionic emission.

The thermicnic emission versus time curve fcr PT 4L 7K has twe maxima.
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and the second madirmum, at 154 minutes, occurs at a -ross Cs/0 ratio of
1.71. 9Yhe rapid decrease in the thermionic emission betwiten 10 and 170

minutes extrapolates to zerc thermicnic amissicn at Cs/C zqual to 2 2,
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In the figure it is interesting to note that ths thermionic emission
did not appear tc a significant degree until the gross composition was
beyond C8,03. Furthermore, the copduction current asscciated with excess
cozium did not increase rapidly until the compositicn 012.250 was passed,
According to the phase diagram the equilibriua phases at 190°C as cesimm
is added tv oxygemn are oZ(g) - C803 (g CSOz(') - 08203(3), CB203(g) = C820(s)>
and C820(5) = C82,50(,). Tms if the system were at equilibrium the liquid
phase cesium eaturated with oxygen (Ca2.90) would not appear uvntil the
C8o0 composition is passed. A priori, it would be anticipated that as the
surface cf Cs,0 was cocvered with excess cesium the t hermionic emission
would rapidly decreass zs the work function was incresased toward the value
for cesium. Actuslly the therzionic emisaion is observed to decrease
vefore the calculated Cay0 composition is passed.

Though Lhe compositionsl data are consistent with the chemical pro-
perties of the cesium oxidas, there exists considerable uacertainty in the
actusl (0s/0) mole ratio for the cathode. ?The amount of oxygen deposited
during the oxidation is kncwn only to *S. The actual vapor pressure and
molecular weight of the cesium are not accurately known for the experimental
temperature range. The equation used to caleulate the cesium vapor pressure
was determined by a positive-ion method and conssquently is the vapor pres-

sure in

arme ¥ roaaditm
P G—— =t adn W S wllr

at o
L A

me, without considosring
bution of cesium bsiween C8, and Cs. Consequently the actual flow rate in
atoms per minute cculd be less by a factor of Y2 if the cesium were pre-
seal as Csy. In addition to the above uncertainties the extemt to which
cesium is sorbed by the glass envelope of the tube is uaknown. It is in-

terasting that the major errors would tend to reduce [urther the actual

(Cr/n) male watin nn thn sathads
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Photoelectric Bmission versus tTime

The development of the photoelectric and thermionic esdasion during
the cesium addition was investigated with tube PT L6 72. In the prepara-
ticn of this cathcde the cesium rats was reduced to 7.2 x 10-8 wole per
minnta. With this rata. corresponding to the depcsiticn of a cesium mono-
layer every 0.133 mimutes, it was snticipated that the rate of the chemiocal
reactions at the cathode would be rapid compared to the rate of cesium
depositicn. Thus the cathode surface would be at chemical equilibrium
during the cesium addition. jctualiy this proved to be an invalid assumption.

The thermionic and photoelectric emission versus time data for PP LA TE
cre shown craphically in Figs. LA and LB. The thermionic emisaion curve
is similar to the curve for PT LL TE. The photoelectric emiassion for the
serier of filters exhibits two maxima coinciding with the time of appear-
ance of the thermicnic maxima. From the figures it is evident that the
thermicnic and photoelectric emissione during cesiua addition do nct axhibit
2 1l ;1 correlation. The second maximum in tharmicnic emission at 395
minutes corresponds tc twice the emiusion at the first maxisum. The FS
infrared responses at the two peaks in thermionic emission, however, are
equal, The F1 and F2 responses at the second maximum are slightly greater
than at the first thermiocnic emission madmum.

During the preparation of this cathode the cesium source was cooled
from 345 to 355 minutes Ly placing mcistened cotten con the cesium source
bulb., The thermionic emission immediately increased to a maximum and then
decreased as indicated by the dotted curve in Pig. LA. The photoreaponse
also exhibited & marked increase as shown by the dotted curve in Fig. LR.
Actua:ly ccoling the cesium source doutidsd the FS infrared response., (Con-

SLUBILIE Lle chalecleriiiiis or the ililess, ihe changes in speciral response
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accomparnying the coecling of the ceasium source must corrsespond t¢ & marked
development of infrared sensitivity in the region beyond 880 mu. This
behavior cn ccoling the cesium clearly demcnstrates that the rate of the
reactions at the surface acstually is slower than thes rate of cesiws depoaition,
The cesium addition to PT L6 TE was contimied until ths thermionic
emission had decreas~d from 870 (me x 105) range to 51 mm on the 108 range.
48 cesium was added beyond the second maximum in thermionic emizsion, the
infrared sensitivity steadily decreased while the visible (F1 - ¥2) response
steadily increased, (Cooling the cathode to room temperature resultsd in
an increase in the ¥l response without any significant change in ¥2. This
would indicate that the spectral response was increasing at wavelengths

ghorter than 775 mu.

Effect of Ccoling the Cesium Source

The change in the thermicnic and photoelectiric emission when the
cesium source is cooled was investigated during the fabrication of PT L7,
L8, and LY. The general characteristics of the effects are best illustrated
by the data for PT 47 TRE.

In the preparation of P? L7 TR the cathods was nxidiszed tc a brilliaat
grean corresponding w the deposition of 1.71 x 10‘5 gram atom ¢f oxygen.
The rate of cesium addition at 1%0°C was the same &s for PT U5, namely
7.2 x 1070 mole per minute. Ths calculziicn of the Cs/0 ratic as a function
of time was nct attampted because of the uncsitainties introduced by ths
periodic cooling of the cesium source.

The changes in the thermionic and photoelectiric emission of PP L7 TR
when the cesium scurce was cocled 2t varicus processing stages are shoun

in Pigs. 5 and é. in the thermionic emission region before the first
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maxirum, ccoling the cesium source results in a rapid decrease in the ther-
mionic and photoeleciric emiszion as shown by Fig. 5A. A8 the first maxi-
mum is approached, ccoling the cesium scurce resulis in an initial increase
tuth the thermionic and photoelectric emisaion, foliowed by a decrease
to & value less than existed bcofore cooiing. Reintroducing cesium causes
the emission to increase to a second maxinum followed by a decrease t¢ tka
original value observed before the cesium was ccoled. In PT L7 TE the first
maximun occurred at 395 minutes, Thus the curves in Figs. 5B and 5C illus~
trate the changes in thermiunic emiusion in the region of the first maximum.
It is of interest to note that corresponding to the decrease in tharmionie
enission, the infrared emissicn decreases without a marked change in the
(FL - 72) response. This suggests that there actually exist two photo-
electron sources giving rise respectively to visible and infrared sensiti-~
vity, the latter being related to the thermionic emisaion.

As the second maxirmm in thermionic emission is approached, cooling
the cesium source results in a rapid increase ip the thermionic and photo-
electric emissicn, followed by a slow decrease. The rate of decrease of
emizsion beyond the peak value dacreases on approaching the second madimum
(compare Fir. 5C to Fig. 6D). Cooling the cesium source at 510 minutes
(seccnd maximum in thermionic emission at 500 mimutes) resulted in &f in-
crease in the thermicnic and photoelectric emission to a stable maximum
value &s shown in Fig. 5E. The momentary warsdng of the cesium source at
£31 minutes produced an immediate decresse in the emissicn. Receoling the
ceaium source restored the amission to the original veius. Considering
Vs Ghe vaicuialed salc ol veolum addiitlci cosTesponce W the depusivion
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130, ths rapid rate of decreaze ir thermicnic emiseicn with warwing cf
the cesium source is rather sarprising. The cooling of the tube during the
momentary opening of the oven door would contribute to this decrease;
howaver, recooling the cesiur source res:lted in an immediats iacreass.
Actually the time required to place the moist cotion on the cesiim source
is uignificantly longer than is8 required for its removal. Thus, the amount
of cesiuvm required to depress tha emission of ths "stabls" surface at 150°C
is very small, It is shown in Fig. 6E thot thus addition of cesium prac-
tically eliminates the ¥FS sensitivity; thus the long wavelength limit shifts
toward the visible upon adding a s=zll amount of cesium.

At S48 minutes the cesium addition was reswased, and within 2,5 minuntes
the thermionic and photcelectric emission bad decayed to values less than
existed at the second maximum in thermionic emission. Ths cesium addition
was continued for approximately ten mimutes and tha cesium source recooled.
The ther=zicnie and photcelectric emmsion again increased to the maxi=um
values, but at & slightly lower rate than at the previous cocling (10 min-
utes compared to 8 minutes to obtain maximum emission). The entire tube
was finally cccled tc room tamperature, producing & further incrsase in
the infrared sensitivity as discussed in the fcllowing section,

The variation of the thermionic and photoelsctric exizsicns on coolang
and revarming the cesiwm source indicatar that the chamiral resctiosne im-
voived in the removal of the cesium from the surface of the cathods are
actually slow reactions. In Figures 5B amd 5C thes mecond maxizum in the
amlgricn T oresd during the reintrodustion 3f cesium yvobebly curreapunds
t¢ the surface ccmpositiocn pasaing through the eritical compositicon aseo-

clated with the iritial maxdimus on co.iine the cesivnm.  Fhus ~mm™ing the

¢



decay aftor passing the maximum emission with the cesium scurce cooled,

the ocesium content of *+he surface is decreasad belcw the ortimm value for
infrared emission. Tha fact that the (Fl - F2) respcnse is rol appreciably
changed indicates thset the major change is vccurring at wavelergths longer

than 900 mp.

The Bffect of Temperature on Photoemissicn

After the thermicnic emission and photoemission for PT L/ Ti bLecame
stable at 19)° with the cesium source cool, the entire tube was quickly
cooled to roam temperature by opening the oven dcer. During the cooling
process there was a very nmarked lncrease in the infrared resrcnse as shown
in Pig. 7A. The FS respcnse ( A >880mu) tripled when the cesium scurce
was cooled at 190%; ccoling the tube tc room temperature almoet tripled
the rasponse again. During this process the F. - F2 response did not sig-
nificantly change, and thus during the ccoling cf this tube the changes in
the piwtoerissive characteristics are occurring in the infrared region
beyond 880 my.

Toe tube PT LB TZ was prepared using the same tube znd capillary used
in the preparation cf PT L7 TR. The amount cf oxygen deposited during the
cxidation, however, was decreased frocm 1.71 x 10-5 1o 0.938 x 10'5 gram
atom of oxygen. With this extent of cxidation the silver crain structure
of the dbase was readily visible through the cxide cost. The tube was fab-
ricated at 1%0°C, ugin: the same procedure as in the preparation of PT ;7 TR.
After tiw Beco.d caxis: @ 1n thermicnic emission was pessed, the cesium source
WES cooled &nd Jhe vhermicnic and pictowliecisic emissiocn _nereased .o con-

eoane va&iues av 1AC. The zoxinum lhermdonic eossion was 5450 (mm ox 3-35)
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sourc¢ inereased t¢he thermicnic emission from 20C0 to SL50 (mm x 105) range,
and the F2 response from 160 to 250 (mm x 10°) rangs, with no appreciable
cbange in the M end ¥S responses. Thus in PP 4B 7B, cooling cesium source
modified the photosmis:ion characteristics in the 775 to 880 mu regioen.

After t.he emission with the cesium source cooled had stabilized at
190°C, the entire tube was cooled to room tempersture. The cooling in this
sase was slowed down at 155°C by closing the oven door, the oven heater
being set to conirol at 140 - 150%. As shown in Fig. 7B a s.gnificant
increase in the infrared response was cbtained during the cooling to 155°C.
Cooling the tube to 1LO°C in the oven resulted in elight increase in ths
Fl and ¥2 responsea. The oven door was then opaned and the tubs cooled to
rocm temperature. During this period there was u« further increase in tha
reaponge.

In the preparation of PT LS TE the same cathode as for PT L7 TR was
used tut the oxygen content was increased from 1.71 to 3.5 x 10-5 mole of .
0, and the cesium flow rate was increased from 7.2 x 108 to 38.8 x 10-8
mole per minute. During the febrication, the cesium source of PT 4§ TE
was cooled three different times after the peak in thermicnic emlission wvas
passed. The peak during the cesium addition was 525 (mm x 105) range, o==nd

before the third ccoling the emission had decreased to 150 (mm x 10°) range.
Ou cucling of Lhe cesiium sourcc, the thoimicmic mmimsion ranidly inoreasasd
to 1250 mm, with the Fl and 72 -espcnses inc easing from 870 to 1400 and
190 to 640 (mm x 105) range rsspectively. .he emtire tubs was them cooled
tc room temmerature at 264 minutee. The vhotosaission increased curing

cocling as shown in Fig. 7C. The surface at room temperature exhibited a

Afatigue® effect on prolonged illurinaticn through Fi and P2, This "fatigue”



effect produced the decreases inm ¥1, P2, ¥3, and Fi sensitivity as shown
at 279 minntes in Fig. 7C. There was a partial recovery cf sensitivitly
during the dark period. The tube was then reheated to .9C"C with the cesium
source cold. TNuring the heating period the photoemisgion remainad rela-
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to the original 190°C. values. Thus the phenomencn of increasing phot
sensitivity on cooling from 190% proceeds in a reversa direction during

heazing to 190%C.

Spectral Respcnsas cf Pinal Cathodes

Phe Beckman DU spectruphotcmeter spectral responses of the tubes PT
L7, L8, and L9 TR were measured after the tubec had been ccoled tommm
temperature at the end cf the run. The response characteriastics, uncor-
rected fcr the quarts prism dispersion or the lamp energy distribution, are
shown in Pig. 8. The infrared response of PT L9 corresponds to the class
I1I infrared respcnse described in the previcus report, while PT 47 and L8
correspcnd to class IV. |

Ir the preparaticn cf PT L7 and 48 the cesium additicn was discontinued
ghortly after the seccnd maximam in thermionic emissicn was passed. In
PT LB T% the cxygen content cf the surfsce is 55% of that in PT L9 TY.
Though these twe cathcdes differ appreciably in sensitivity they are similax
in that the lung wavelencgth limitz cxceed 1500 my, and the half maximus
photccurrent wavalengtns are 1075 and 1065 myu for PT L7 and 4B respectively.

In the preparaticn of PP 1.9 tha surface was (xddized to give = black
cxide film containing *.5 x 105 gram atom of oxygen. Simultanecusly the

cesium additicon rate was .neressed from /.2 X 10'8 to WM. 8 x 10-8 2oles

6
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per minate. This rate of addition corresponds tc depcaiting LC.3 layers
oI ceslum per minute, as ccwparsd to 7.5 layers per minute in PP L7 and L8,
Albur ccoling and roheatipg I L2 T to 1%°C as disomssed in the
previous section, the cesium source was warmed and cesium added until a
aoncuetion crurrant appearced. The cesium scurce was then cooled. The con-
daction current graduaily decreased and tharmionic emi=sion returned.
The thermionic emission increased to 1050 (mm x 10’5) range, whereas the
earlier maximum was 1600 (mm x 10"5) range. The infrared sensitivity lost
during the addition of the excess cesium returned. Actually the raspcnse
obtained with the various filters waz comparable tu that obtained during
the first ccoling of the cesium after passing the marisn thermionic emis-
sion. Coeling the tube to room temperature reauited in an increase in the
sensitivity as obeervad sarlier in the processing {Fig. 7C). The spectral
resps nse of the cathode after ccoling to room temperature is typical of
the commercial S-1 surfaces that have Deen examined in this laboratory.
In the previcus quartsrly report this spectral response was designated as

clase IIZ.

C. PHCTOSURFACE COMPGSITION

43 discussed in the previous report, the photosurface compcsition is
to be investigated by using radicactive cesium and vy x-ray deffraction
msthods. The radioactive cesium composzition detsrminaiion will provide
dats on the gross compositicn of the surface, while the x-ray diffracticn
imvestizaticn wili:i provide 2 geans for determining the vrincipal consti-
tuenis., Luring ibhe past quarier the ccEpogizicnal study bas h-en restricsed
o dhe drveisiment of the technique [or treparing Lie o alloactloe ohot

surface wott deverminugg Lhe grobe CumX. 81.10a,



Por the tracer experiments the iube desiz: dimcussed in tihe previous
report has been adcpted as standard. Yhe procedure for the febricstiocn
of the tube has been modified to correspond to the procedure used ino the
preparation of Pr 47, 4o, and 49, With this procedure in waich the ther-
@ionic and photcslectric exzission are contimuously deteruined. it should
be possible to control readily the processing conditions.

Beveral experimentsal tubes have been prepared in which radiocactive
cesium was used, These cathodes, howver, did not davelop tbhe desired
infrared sensitivity. During their fabricsticon significant thermicaic
emission was not developed, and the cathodes did oot possess the desired
infrared response characteristics. The final compositicas cf these
cathodes ranged from CBO,TSO o c°0.990' ¥or the C30=75 tube the photoelec-
tric response magimin vas at 510 o, while the Cuogggo maxizum wae ai
915 mu.

The range of composition obtajned in these cathodes is in part relsted
to the techmique previcusly used in the oxidatiocu of the siiver film. The
cathodes are given a preliminary oxidation pricr to outgessing, in order
to rougheng the silver surface., During this Iinitisl oxidation it has been
difficult to initiste the oxidation in the glow discharyge.

Cousequently the oxidation was jerforme in the abnormal glow discharge
region and sox2 silver may nave been sputtered on the tupe wails. &Sputiusrcd
siiver which could bve oxidized during the second <low discharge oxidation
wrould regult in an error in the determine+‘-2 oo woe anoua? of oxyugen
deposited on the cathode. The duiliculty is being corrected by preliminary
oxidation of the cathode in 2 separate vacuuxz system foliowed by decampo-

sition of the oxide st 35C°C. fter the oxidetison choracteristica nf Tk




cathode are detsrmined, it is mounted im a tube envelope and s tube s
Tabricaied using the preocedure described in the first section of this
report. By this mears it has been possible to prepar: ailver film surfaces
which appear to oxidize satisfactorily vher mounted in an experimental
tube. The cause of the initisl resistance w ouaidailion 15 at present
unknowvn., It is possible that absence c¢i apprv.ciable thermionic enission
during the cesium addition to the tubes was reisted to the distributicn

of tha oxide in the silver filu.

D. THE CRYSTAL STHUCTURE CF CESIIM MCONIXTDE

A previous report on the crystel structure of essium momoxide based
esseztinlly upon x-ray powder d/ata has indicated that the ocrange-yellow
oxide of cesium crystallizes in the rhombobedral system in anti-CaCi,
type layer structuse (ng.), the observed psrameter of cesium ions :n the
unit cell being u = 0,242, as compared with u = 0,25 reported by Belms
and Klemn., This gives: Cot - 0" = 3.011, in good sgreerent with the
vaiue expected from the known ionic redii of Ce* and O™; and Cs* - Ce* = 3.T7A,
vhich is still considerably higher than 2r, + 3.36A. In this type of
layer structure, one layer of Cs* may be regarded as beins sandwiched
between another laysr of Cs* and a layer of 0™, so the £a* ions are expacted
W 6 epprescickly poleriead: aleo. there will b2 copaiderstle electrostatic
rapuleion between the two peighbaring Cs* layers; trhese two effects workirz
in the same Airection may account for the lon., 88* - Cs*distance.

In the preseénl wWorE, Uy single-vryetel daua for _.520 octiined pre-
viously bsve been carefuliy treaied for sbsorption and teoperature correc-

Tima, vith ihe object of exeminipg the polarizstiop effact from the electron

Aapetty men ani detarmining the purmaeter more accurately.
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A uormal projection of elsctron donsity slong the hevagonal a-axis
and 8 line-secticn through the c-axis have bsen prepared. These give
uw 0.283, Cs* - 0" = 3.00&, and Ce¥ - Cst « 3.80i. The Ce” appears to
consist of an essentially spherieal core of about 39 electrons and 0.9i
in radius, and a diffuse shsll where the ealsctron density contour is con-
sidsradly affentad hy nariea taralnation errors in the Pourier synthesis.
Bowever, cam;u_a.rison of the line-sections from ’oba - e '1;20 and from
Yoale. e‘E'lé%':"?; conautiné of the seme number of verms indicates that
the electron dsnaity in the diffuse shell of the Ce* 1s relatively higher,
by 3 - & electrons, c¢n the side of the ionic center awzy frcm the 0® layer
than on the side near the 0™ layer; the diffuse shell aiso extends farther
on the side away fronm the OF layer. Juet how much of this is dus to pol-
arization and how muca W exferiuenta.l errors in the observed structure
factors i3 not known.

The emg,le crystal rotetion spots exhibit the kind of layer-eaearing
discrder recently diccuesed by Brindley and Ogilvie (Acta Cryst. 5, k12,

1952) for the case of trucite, Mg(OR),. PFrom the vertical width of the
001l-refleciions cn the s-axis rotation photograph (cuk,), the extant of
sbearing disarder in the Cs 0 crystal ueed appe. ‘s to be quite mmall: only
sbout & 2°-bend in the c-axis. This would reeuit in lengtheninz the Cs* - Cs*
distance about 0,06 &. Consequently, muuch of this increase aast be due

1

to the polarization effect. A Tinal report om tuis slruciuss ¥orx I being

_prepared . L ‘ .
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