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During the period April 1 to Jul-y 1 the sane personnel were involved

as in the previous period. Research has eczixaued along three lines: (i)

study of devel-went of photosenesitivity an ceeSIU addition1 (2) study of

photocathrde couposition, and (3) study of structures of cesium oxides.

The chief results are susarized in the next section mad several experi-

LeOt6 IaUe WLItyu a -ctb;rlti in more detaii.

BLmOMY

In the last progress report an account was given of several experi-

ments in which cesium was slowly added to an oxidized silver sheet and

thermlonIc emission measured continuo'sly during the process. Tvo maxim

in therwionic emission were found, sad phototubee were prepared at each

of several stages. The results indicated (1) that the rate of reaction

in the solid phase of the cathode was slow, (2) the best photocathodes

were obtained if the cesium addition vas stopped near the second amiwal,

and (3) not all of the higher ceB±siu oxides (Ca2O3, C902 etc.) were con-

verted to C920-

During the present quarter this study has been continued. Very sall

•api1la14-es have been used to limit the cesium flow rate, aad in addition,

photoelectric emission has been followed continuously during cesium addi-

tion by means of a et. of infrwrvtd filters. The capillary diameters and

ierLwthB b'we bee- MJan ,ywwr~-i'a +r the + Ol fll...1...IA~

a.nc` nence the composition could be followed as a function of the time.

As xe.ortea previously, two naxid in ther-mionic emission are found. Two

COrs. o'arrs - - -r .,o-4xa-.-• ,-4c ew.±&3s!on arc a.Lso rok~na, out tbc

,*herm•_onPe nd ohq.tcetlc._ _.. .~ei Ore Act proportional. Subject to sow

- .. - ,groS 70 aomic- r.ti

is 1'ers tnar. tý'I!'vf rA -.- --.. ~ A.



is appreciablet. Mus at tae ShxiSJ.Z thera~ionlc, emiusloc the :tasiua coL<-

tent JA4 sigm-i ica~ntly less than týhat correapondin t~o Cu~eC. This tends

to ut~ppor; tLha ±4w, pnevoi"sly advaznce4, that Cs0OC is aot the cjL Y oxide

in the phctc~catbde at equ..Uiliýrius alt.!xaugh Lt iA~t ':e -ýt one prtSment in

sJ::,. awanit ad the x-ray w-ork previously raportad establishes.

By coaling the cesium sour-e - and thuA fatry2tpi th czIz

flow at various stages, sorn furth.ber inforvation concerning the mecknisM

of rta-ction has beau obtttne4. In t&. early stages of fabrtcation,. inter-

r' tig the cesium ad~dition, 14Ls to "~ immdiate d-rop in b~oth t-bau~i

r.uta isoi n and :..n rar ed resapo nie. In the aegnraf ff the first aLxinAa,

Interruptioui cC- cesium flow csuuta a marked increase in esissio~a to a

axtsiua roLlove4 'by a decrease. As the secotd maziaxa In the theertzon4c

emfission is approached, interrvupticn of cesium tlov again lea~di to an

Increase in uxission, 'out the subse~quent decrease is naw slow. Slightly

ceyotd the sweccini mait=, interruption of flow leadsz to increase of

euLsabion to a otabie a~xinz, no iubseqaent decrease being ohs-erred. These

observations ar* accounted for it re assume the reaction to Le diffusion

control-led,. the dit'fuuion occurring, prrhaps, throuigh a_ layer of Cs.2 0.

O'n this i-ayer, another layer of czrreacted cesium w-ccuzaUsates, If this

cesium layer is too thick or too thin, the work tuactim is high end emis-

3ioT4 is law. Thu~s ±n the early stages wrbere the Cs 2 layer is thin, reac-

vitpJa O~ (,l& a LA112 cawula t.3r £UX-s. On Zool.ing the source,

this cesiumu layer- b-e-coms ever- chtnner and emission d~rops. As reaction

proeed th r,2 -- r -c ar:thiaciar aýýZ thc ' -to rate i5 Les5,

tLnýh pervttt r~z h th-icker .2esltum layer t.o devel%ý, -rv'Vi at 5-Of S +agt tni

d~-~r-, - rt ¶ -

~ r.~ crreapc~n~ ~ vrk -un tia tFczýAS



which reduces the cesium Cinz thlcknes3s. Since this thickness now pe"es

throutgh that of min-, work function, a nsximam in emission occurn. At

a still later stage the Cs,,O layer becous so thick that decline from the

aziaam is not detected during the time of obsarvation. This my be due

to the fact that there is still just enou~h cesium flow to balance t4e

reaction rate. A Rore likely explanation is that only a fraction of a

monclayer of cesium is required for aini~mn work function sand the reaction

rate is propcrticcaA1 to the surface concentration of cesium. As the sur-

face concentration is reduced the reaction rate falls to such a low value

týhat it is no longer perceptible in these expeiments. Tis model seems

quite plausible and is in accord with the results of other investigators.

That Cap is the rate limiting layer is also plausible both because its

presence is established by x-ray ingestigation and ' ,- •--ause no suboxide

of cesium (C530 etc.) is stable at the temerature of these experiments

(1900C). Tis mechanism seem plausible, but further experiments are

continuing in order to test further the bhyotheses. The experimental baais

for this mechanism is discussed in section B.

Two further points are of interest. In the first place much evidenre

has accuaflated wbbch shows the pronounced influence of extremely small

amounts of cesium on the infrared response. The effect is especially

m~ark•,ed at inns'• tflyflbrfl,)rfl,' a,.,aa .4-h, .. ~...- .. ..... ... . .. ±4.

".or reads• otwent to occur. Contamination of the photocatode by excess

7etr:. a3+ ro rwcrat-re results in a arked loss in photosensitivity,

~cp-c~aly i ti ~C± .±Vod Ths cox. sual-Ly r-e reversed by h-eating the

,LIoe. The secon noz.nt of 4ntnrest :cs:&r 4 Uýc effect of t_,cmperattzr on

"&S~t ½)Pler �~trI f- , A•i the ,emratuL-c icrirea Croc .? 1 o'



temerature, the yield incrases markedly, esecially in the infrared.

Factors of two or more are commn. 'ais is raversed on reheating the

tube. Although this behavior has been repaatedly observed on cathodes

fabricated in this laboratory, the phenomenon is apparently not of gen-

era], occurrence since coarcial cathodes are only sliahtly chbaned in

response heating. The phenomenon is not clearly understood at present.

The detertrmtion of photocathode compositioa by radioactive tracers

has progressed fairly rapidly. Silicon - cesium chroate mixtures, which

produce cesium on heating, have been made containing radioactive cesium

tracer, and means for accurately determinlixg the tracer content have been

worked out. Seeral experiments have been performed In which the cesium

rzontent of the photocathode has been determined. The Cs/O atomic ratio

,-r thp best phototubes la fiv•r•i&!bl less than corresponds to Cs2 O. the

results are not yet firmly established because the quality of photocathode

is quite variable. Some have lower infrared sensitivity than is expected

on the basis of previous experience in the fabrication of similar catt!es,

so further work is required. Other questions concerning cathode sputter-

ing have also been raised which mat be settled oefore the cunkul•oi•s

b•come firm. The radiotracer method itself is, however, quite simle ald

effective. The problems arise in phototube fsorication. One result of

4nterest, Vhich seems Iirr-y estaoilsanea, is tae rather large amount of

ces4um vhich appears on tie glats walls. A blana glass disc, with the

same area as the photocatnode is used to protect the cathode back from

radioactive tracer. This disc has, after processing, an activity of about

-6, of tile cataoe. 3i-ce .he total area of gizas enveboji is considerably

• 5>t•" a. tim ,.atrQ- area, s. aonsideraule fraction C.•iuf. (about



interest for tube fabrication, because the distillation of even a tiny

fraction af this cesium to the cathode at room temperature would result

in a marked loss in photosensitivity. Whether the cesium on the walls Is

merely adsorbed or whether it has reacted with the vlas to form an oxide

or other compound is not known at present. The composition investigation

is continuing.

The crystal structure of Cs2O has been further refined by means of

more careful intensity measurements, introduction of temperature correc-

tions and other refinements. Using the experimental intensities, a Fourier

proje-tion of electron density has been computed and seems to indicate some

polarization of Cst in the crystal field.

Several experiments are discussed in more detail in the following

sections.

B. D&t Q (7 I WIONIC AND PTOIIBTfC M B1ON

Sy modifications in the experimental equipment and in thb fabrication

procedure, it has been possible to record continuoust. the thermdi Ac emis-

sion and to determine perlodically the response of the cathode to light

transmitted through a series of filters. The experimental details of this

investigation are presented in the following section. Because of the

reproducibility af the results, the complete data for each cathode prepared

are not presented, but rather the results we discussed in term of the

Dhenomoa investigated and observed.

Expe:ri me n G~l

To iwestlate cn'eniently tht- developwout of the therwionic BJK

dlO4i.•IX-- C.3-1.QioJ during cesium addition, A .-as ne,.cessay to make



several wadificatiins in th-t equipment and in fabrication procedure for

the prerpwtioL of as•l•e cathodes. A schemtlc drawing of the equipment

used during the f oration ct' the final ,•otosurface is shown in fig. I.

The theio•Aic e(ilasion durimng the fabrication was continuoaaly ira-

'-Ve input reslstance to the vibrating reed ary be varied from 1i3 to 108

ohm by powers of 10. This permits the recording of currents frow

4.55 x 109 to 4.2 x l0 - ameres full scale recorder deflection. The

theroionic and photýelectric emdssion data are reported as millimeters of

recorder deflection on the 105 ohm input resistor range for which the

sensitivity is 0.15 wa/MS.

15- photoelectric emisbion characteristics of the cathode during ti

cesium addititn are insured by iltarination of the cathLode with light

from a G.3. No. 31, 6.2--volt bulb, asaed throu4h a series zf filters.

The light filter carrier snd the bul.b are mounted in a two-inch diameter

braes tube wh'ch passes through a hole iK the door of a Cenco No. 95050

oven. Th experiental tube was mounted with the cataode in the light beam

as shown in Fig. 1. During the cestum addition the tube was periodically

illumiasted by the ligt tran.smitted through the filters, and tne photo-

el.ctric current was measured on the Brovn recorder using the thermjonic

emission fa the base lIne. With the liglhQ source ssed, the phototlectriC

response was always larSe enough to :e readily ceas-lre,'.
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The five filteasa used i- the investigation were

721 cler £la~s

r2 - oriaoid =x-60 2> 775

73 - flar-.Id Ltfl-3u A> 830 NU

Ph - Corning 2540 A> aooW

75 - Pularoid W-14 A > 880 at

The spectral response of a 1225 phototube, determined by passing the light

beam from the Becukmn DU spectropbotointer through the corresponding fil-

ter. is shown in Fig. 2. In this figure it te worth acting that the F2

response reasurea the infrared response beyond 775 s wit-hout. introducing

a large absorption correction for wave lengths bejoxt 900 a,. In addition,

a cathode which bas an appreciable response beyond 900 WI must have a

,.. 4 "y large ?I response. Thus the ratio F2/(Fl-r2) may be used ax an

approximate inaaure of the infrared response relative to the visible spec-

trum response.

The procedure for the preparation of a tube was =Aifled in the fol-

.owing mnner. After the axidation and the firing of the cesium pellet

in the side tube, the tube we tipped off the vacuuu aytem. It was then

mo'nted in the tube holder attached to the door of the 19%C oven, the

cathode being in position to receive the light oeam from the filter system.

the oven door wvs closed. As the tube was heated to 190'C and cesium was

sddet, throiugh the capillary, Je thenrlonic emission was coutinoasly

reTchrel~r' oW Cn- 3 ) nr-oom±ssnon vas t aourea ,

The ra te of o;he csux addiLtion durtn, t t t- eueprt- wts. de -
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source to the tube. The cesiul, flcw rate for the capillary was ccrputed

1
usýng the equation for free molecule flcwa

TTTSo. { ,VaCUXn Techni queso johr ley and So, LC., NOY., N.ot

%8s (Moles/sec) " 1.5e9 a 2 1 Pru x 10-2

7,-
wtere

Slength of capillary, ca .
a - rateus of capillary, cm.
P var pressure of Ca In source
A a
N- atomic wgt. of Ca - 132.91
R 62.36 -. liter deg•- mol-
T absolute tazperature, * K

The vapor pressur'e of the cesium in the source was computed using the

equation given by Daluanu2

-P. T75

log p . 9.66 - 3774

where F5 is the vapor pressure in microns and T the absolute temperature°

uaring tAe fabrication of the cathode at 1W C. it was of interest to

investigate ths effect of stopping the cesium addition at various stages

in the procsesbir* This was accoapliahed bY momentarily opening the oven

cdor. placing a piece of cotton saturated with water on the cesiur source,

and tn.n nio: nrg the d cor. The cesiuzm vapor pr-essure in the source was

• eS~urt- a Lt- U[. fu�T etfecti ely."top•ped thte cestus a dation.



In the preparation uf the cathodes it was highly desirable to repro-

duce the tube geometry as closely as possible. Conpequently the same

cathode w-- usaed in the preps-atin.n of .T 6I, 47, 48 and 41. jfter each

run the tube se.al-offs were owened and the surface and tube envelope cleaned

by washing with 6N Hno 3 followed uy riaiing with distilled watdr. For the

tubes P- 46, 47, and V., the same capillary was a"so used, so that for

these three tubes the actual cesium flow rates were identical.

The variables which were inveatigated usina the massive cathode tubes

were as follow:

1. nt 4, Ti Development of .herLo-ic emission with a constant rate
of cesium addttion.

2, PT 46 TE Develcp-ment of therwicnic and photcelectric emission
with a constant rate of cesium addition. The cesium
source was cooled once during the run.

3. PT 47 TE Variation cf the thanxionic and photoelectric amissior,
with cooling of the cesium sou1r G. cathode oncaized
to a brilliant green, 1.71 Xl0- mole of C.

4. PT 48 mE Sitilar to Pr 47 TP. Cathode oxidadon barely percep-
tible, 0.938 X !l-' mole Sf 0.

5. Pr 49 TZ Similar to PT 47 TE. Cathode oxidized to a black color,
3.5 x 10-5 mole of C. kesium flow rate increased from
7.2 x 1i-8 to 3e.a x l0- mole per uinute.

Pertine t data for the fabrication of these cathodes are presented in Table 1.

The times R-iven for the deposition of a cesium monolayer on the cathode at

190" and 10O*C were conputed by assuming a cathode area cf 21,l Co2 , a cesium

atom radius of 3.0A, cubic packinc of the cesium on the surface, and the

Calctlated cesium flow rate.



Table 1

Experitmental Tube Dtta

Tube
__ __ _ __ _ __ _ __ _ __ _ __ __z_ 17;- 47 0 46i

Oxygen (Atom Mcl. x 115) 1.30 1.35 1.71 0.938 3.5

us (i1w t. Noles/Min x 1O6) 15.1 7.2 7.2 7.2 38.8

Time for Cs Mcnoiayer 19(7 C O064 0.133 0.1j3 0O133 0.0248
(Rin.)

Time fcr CG Monflayer 100C 49 103 103 103 19.2
(Kin.)

Ist. max. hermionic Emission 3420 320 480 --

(ma x 1 )an 2)

20d. Max.yiertionic m Ion 870 2300 20 525(AU Xo I z•e)55 o 23o 0o52

Cool Cs Max Tnernnonic Dnission 500 1
(M x .05 Range)

Final Photobens, (M2/FI) 0.158 0.624 o.512 04555

Final Photoeens. (r?5/F) o.mc o.148 .o102 0.128

Final Photosenz. Peak % (up) 970 950 920

Final Photosena. long A limit >I500 1550 1300

Final Photosns. j nax current 1o075 1085 1015

Discussion of Results

The iavectigation of the effect of t.-, cesium addition on t•h thermi-

onic and photoelectric eaesion has do nastrated that the general charac-

teristics cf the saaasive cathoae during fabrication at 190t ¶ arc' reproducible0

Tterefore, to avoic unnecessary repetition of the data, the results are

preeented rr 4er'__ .. :h" pJaLu•- n investo-gateQ

2.



Cm¶ition and Thermiordc Dmission

Throujhout the fabrication of PT h1I TE the cesium addition rate was

constant at 190"C. Conseqaenti4, for trus cathode, the gross coaqoaition

within the tube may be ezpressea in terms of the Ca/G mole rat io using the

calcuvlated cesium flow rate mid the observed amount cf oaqgen deposited

during the oxidation. The cesium flow rate in mole; per minute after

correction fo: the initial heatixj to 190%C is

ncs - 7.8 X I0-7 + 7.2 x 10-8 (t - 24)

where t is Lhe time In minutes. Since 1.35 x 1O-5 gram atomic weight of

oxygen was deposited during the oxidation, the Cs/0 mole ratio after 24

minutes is

(Cs/c)- 5.33 x 10- 3 t - 7.03 x 10-2.

The thertconic emission of PT 44 TE as a function of time and the

(Cs/0) mole ratio is shown in Fig. 3. The character of the current being

a-asured was detenm.ned by measuring the current as a function cf voltage0

During the first 60 minutes and beyond 202 minutes the current was proper-

tirnal to the voltage correspcnding to an ohmic conductio.n current. In the

region between 9C and 190 m__nutes the voltage-current relationship exhibited

a saturation effect corresponding to thermionic emission.

The thersiionic emission versus time curve for PT 4• ',2 has two maxima.

& s ^i . ..& - I - --- _ - - "1, '1 -- * -MLSL _-OC W-•-I --_ IiV I'

and the second maxim=, at i64 minutes, occurs at a ,ross Cs/C ratio of

1.71. The ramtýd decrease in the thermionic emisuion bet.ten 150 and 190

mxnutes extranotates t,-: zPrc thwrmlonlc allsr &.': aua tc 2 "

F-r tre ser-e.: a-" tub-8 the ris-- Trc, n i:.e -e i.s i n r•arr;u- w;La -theerved

;-11_ 1.':C 3 :J, 7F-- 4, t... . e S M m-- ('C- ; :Y ... ,' V,-. r ,4•_-[j , T.-mr _reacz t•-ie SecL-nd m.-q•[N.•
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In the figure it is interesting to note that th thermionic emission

did not appear to a significant degree until the gross compnition waD

beyor4i Ca203. Furthermore, the conduction current associated with ecoss

cesium did not incrvease rapidly until the compositiomn 0 2.250 was passe.

According to the phase diagram the equlibriusk phases at 190C as cesim

is added to ozygi are 0 2(g) - C802 (), C0502(5) - C8203(s), C8203(s) - C820(s),

and Cs2 0 (s) - Cs2 . 0(1). Thus if the system were at equilibrium the liquid

phase cesium maturated with oxygen (Cs2.90) would not appear until the

C820 composition is passed. A priori, it would be anticipated that as the

surface of C820 wa" covered with excess cesium the t hermionic emission

would rapidly decrease am the work function was increased toward the value

for cesium. Actually the thernionic emission is observed to decrease

before the calculated C020 composition is passed.

Though Žhe compositionul data are cozwistent uith the chemical pro-

perties of the cesium oxides, there exists considerable mucertainty in the

actual (Os/O) mole ratio for the cathode. The amount of oxygen deposited

during the oxidation is known only to 15%. The actual vapor pressure and

molecular neight of the cesium are not accurately knmin for the experimetal

temperature range. The equation used to calculate the cesium vapor pressure

was determined by a positive-ion method and consequently is the vapor pree-

bution of cesium between C52 and Cs. Consequently the actual flow rate in

atoms per minute cculd be less by a factor of if if the cesium were pre-

vent am 2. 3n additlon to the above uncertainties the extent to whdich

cesium is sorbed by the glass envelope of the tube is u•ntnwi. It is in-

teresting tnat t he r-aJor errors would tend to reduce further the actual

__ m io wt~n ~ 4~n .... +k.A..



Photoelectric Emission versus Time

The development of the photoelectric and thermiocic erission durit

the ceaium addition was investigated trth tube PT 46 T'A. In the preparF-

tion of this cathode the cesium rate was reduced to 7.2 x 10-8 mole per

,in-a. h•th this rate. corresnondina to the devosition of a cesium mono-

layer every 0O133 minutes, it was anticipated that the rate of the chemical

reactions at the cathode wuld be rapid compared to the rate of cesium

deposition, Thus the cathode surface would be at chemical equilibrium

t.ring the cesium addition. Actuafly this proved to be an invalid assumption.

The thermionic and photoelectric evdsston versus time data for PT 46 T7

are shwn graphically in FIgs2 hA and 4B. The thermionic emission curve

is similar to the curve for PT 44 TZ0  The photoelectric erission for the

series of Allters exhibits two maxima coinciding with the time of appear-

ance of the thermi.nic maximao From the figures it is enidant that the

thermionic and photoelectric emissions daring cesium addition do not exhibit

a 1 : I correlation0 The second maximum in therwionic emission at 395

minutes correspunds to- twice the edission at the first maxiwum0  The F5

infrared responses at the two peaks in t hermionic emission, however, are

eqaal. The 71 and F2 rezponses at the second maximum are slightly greater

than at the first thermionic emission matins.

Nring the preparation of this cathode the cesium source was cooled

from 345 to 355 minutes by placing moistened cotton on the cesium source

bulb. The therrionic emission imediately increased to a maximum and then

decreased as indicated by the dotted curve in Fig. I4c The photoresponse

also exhibited a marked increase as shown by the dotted curve in Fig. h4B

ActuaLly cooling the cesiuri source doubled the F5 Infrared response. Con-

-L 1;ý utLI -;,WAX flt t;, Le chlauge i-n apec-ýrai reaponse
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accomparoring the cooling of the cOAsium source must correspond to a marked

development of infrared sensittvity :n the region beyond 80 xm. This

behavior on cooling the cesium cleAriy dewcnstrates that the rate of the

reactionx at the surface aatually is slower than the rate of cessiu dpoaition°

The cesium addition to Pr 46 TE was contimied until the thezrtonio

emission had decreas-d from 870 (m x 105) range to 91 = on the 108 range.

Ak cesium was added beyond the second maxizum in tharmionic emission, the

infrared sensitivity steadily decreased while the visible (FI - 72) response

steadily increased. Cooling the cathode to room temperature resulted in

an increase in the 71 response without any significant change in F2. This

would indicate that the spectral response was increasing at wavelengths

shorter than 775 up.

Effect of Ccolii the Cesi-um So urce

The change in the thermionic and photoelectric emission when the

cesium Rource is cooled was investigated during the fabrication of PT 47,

L8, and 49. The general characteristico of the effects are best illustrated

by the data for PT 47 TE.

In the preparation of PT 47 TE the cathode was nxidised to a brilliant

green corresponding to the deposition of 1.71 x 1O-5 gram atom of oxygen.

The rate of cesium addition at 1901C was the same as for PT 46, namily

7.2 x 10-8 mole per minute. The cAlcjlaArn of the caio ratio as a function

of time was not attempted because of the uncertainties introduced by the

period3ic cooling of the cssium source.

Thu change, in the thermionic and photoelectric emission of FT 47 TE

when the cesium scurca was cooled at various processing stages are ahcrmn

in -igs. 5 and 6. in the thermionic emission region before the first

let
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maxirum, cooling the cesium source results in a rapid decrease in the ther-

mionic and photoelectric amis!ton as shown by Fig. 5A. as the first maxi-

mum is approached, cooling the cesium source results in an infital increase

in b-ath the thernionic and photoelectric emission, followed by a decrease

to a walue less than existed before cooling. RAintroducing cesium causes

the emission to increase to a second maxims follow" by a decrease tr thi

original value observed before the cesium was cooled. In PT ?7 TE the first

marirm occurred at 395 minutes. Thus the curves in Figs. 5B and 5C illus-

trate the changes in thermiuni.c emiusion in the region of the first maximu.

It is of interest to note that corresponding to the decrease in thermionic

emission, the infrared emission decreases without a marked change in the

(pi - F2) 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 thernionic emission.

As the second meaximm in thertionic emission is approached, coolin

the cesium source results in a rapid increase in the therztonic and photo-

electric enissicn, followed by a slow decrease. The rate of decrease of

emission beyond the peak value decreases on approachuag the second maxt-um

(compare Fir 5C to Fig. 6D). Cooling the cesium source at 510 minutes

(second maximum in thermionic eudssion at 500 minutes) resaulted in ad inm-

crease in the thermionic and photoelectric emission to a stable maxim

value as shown in FiKs 6E. The momentary warming of the UesuuM source at

531 minutes produced an immediate decrease in the emission. Recooling the

cesium source restored the emission to the original veue. Considerina

~ ~±tr~acuL~ciat - '.e_1 s additvici. ~o.-respuo,:i: W., tht;dx~i..o

- -rt.- ~--r'qr nor - NrtTp r~ r.'p r-e-1'-w 4r1lr7-,t -qt



190 tu, the rapid rate of decrease in thez•ion.ic emzission with wia1rmig of

the cesium source is rather surprising. The cooling of the tube during the

momentary opening of the oven door would contribute to this decrease;

however, recooling the cesium source resilted in an iediate iarrease.

Actually the time required to place the moist cot uon on the casium source

i. cignificantly longer than is required for its removal. Thus, the amount

of cesiw reqaired to depress the erission of the "stable' surface at 190%C

is ve-•y small. It is shown in Fig. 6E t4ct tans addition of cesium prnc-

tically eliminates the F5 sensitivity; thus the long wavelength limit shifts

toward the visible upon adding a s"al! amount of cesim.

At 548 minutes the cesium addition was rnuaed, and within 2.5 insites

the thermionic and photoelectric emission had decayed to value. less than

existed at the second madauimm in thermionic emission. The cesium addition

was continued for approximately ten minutes and the cesium source recooledo

The thermionie and photoelectric XmaRBon again increased to th maximza

values, but at a slightlj lower rate than at the previous cooling (10 min-

utes compared to 8 minutes to obtain maximm emission). The entire tube

was finally cooled to roc tamperature, producing a further increase in

the infrared sensitivity as discussed in the following section.

The variation of the thermionic and photoelectric aeissions on cooling

ard rewarminr the cesium sarcs indleataM that the eh 'al reitn. 41 -

voived in the rmovae. of the cesium from the surface of the cathode are

actually slow reactions. in Figure 5B axid 5C the aecond matrzua in the

smn v-&i A% Cnrn e4tIr4 vit+aP= n4nt,-&a~. 4: cezuI U.-c1ýbLbI:A' LU1XULrretJnd

to the surface cocpositiln passsing through the critical ccupositicn asso-

c:ated vith the r.tal : jnmuz on or h!irw thr reei-u Thu.e '.ring t,



decay aftor passing the matwmum emission with thF cesium source cooled,

the cesium content of *he •urfhce is decreased below the oprtirm value for

infrared emission. The fact that the (71 - F2) resporne in not appreciably

changed indicatas that the major change is occ-urring at iaweler-ths longer

than 900 mg.

The Effect of Temperature on Photoemissiun

After the theratonic emission and photc.eaission for PT L' i* u ime

stable at 19)C with the cesium source cool, the entire tUae wan quickly

cooled to roam temperature by opening the oven door. During the cooling

process there was a very marked increase in the infrared response as shcwM

in Fig. 7A. The FS respcnse ( A >B8 Cop) tripled when the cesium source

was cooled at 150t; ccoling4 the tube to room temperature almost tripled

the response again. During this process the F1 - F2 response did not sig-

nificantly charge, ,and thus during the cooling of this tube the changes in

the protoeaissive characteristics are occurring in the infrared region

beyond 880 aw

The tube FT 48 TE was prepared using the same tube and capillary used

in the preparation of Pr 47 TA. The amount cf oxygen deposited during the

oxidation, hcvever, waa decreaseC fr-om 1.71 x i0-- to j.938 x 10-5 gram

aTom of oxygen. W.th this extent of cxidation the silver wrain structure

of tte base was readily visible through the cride coat. The tube was fab-

ricated at 190lc, usirv tet same procedure aq xn thne preparation of PT 47 TV.

Afteron s¶±ot d tax. - n tre'rm.anic emission was passed, the cesium source

was e•le ar-q 'he tlrierma..auc QuO anid ectrio - is-s'. ncreased •o couo-

MctL~ .. ~.±5 a Ii~'c± Etat~xmuz he Ficai fxtss: c- ~ _n (an 35

ct~U k 6.al it - 0 as~r z '4 2imi- n i-h
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source increased the thermionic eriestai from 20CO to 5450 (Am x 105) ange,

"and the F2 response from 160 to 250 (mm x. 105) range, with no appreciable

change in the A4 and i5 responses. Thus in PT 48 T, cooling cesium source

modified the photommisuion charactarlatics in the 775 to 880 aL regicn.

After Uw emission with the cesium source cooled had stabilized at

1900C, the Ctire tube was cooled to room temperature. The cooling in this

case was alcued dcon at 155"C by closing the oven door, the oven heater

being met to control at 140 - 5OC. As shomn in Fig. 7B a sagntincant

increase in the infrared response was obtained during the cooling to 155C.

Cooling the tube to 1401c in the oven resulted in slight increase in the

YI and 72 responses. The oven door was then opa'ed and the tube cooled to

roca texperature. During this period there was a further increase in the

resporlse,

In the preparation of PT 49 TE the eme cathode as for PT 47 TE w.as

used brt the oqgen content was increased from 1.71 to 3.5 x 10-5 mle of

0, and the cesium flow rate war increased from 7.2 x 10- 8 to 38.8 x 10-8

mole per minute. During the fabrication, the cesium source of PT 49 TZ

was cooled three different times after the peak in thermionic mission waa

passed. The peak durirug the cesium addition was 525 (rmm x 105) range- qnd

before the third cooling the emission had decreased to 150 (ram x 105) range.

CJ UVJL'ij 17j tiiiv QEZAi-A G;;ur-ZC, th tlsa,-4ow4n mudjcv melon ran d i nerTanasfd

to 1250 am, with the F1 and Y2 :tsponnes inc-Aewsng from 870 to 1400 and

190 to 640 (ma x 105) range respectively. The entire tube was theo cooled

to room tmverature at 26L minutes. The vhotoamlsaion increased during

cooling as shown in Pig. 7C. The surface at ruoa temperature exhibited a

ffatigueO effect on trolonged illu-tinaticn thr'iogh Y: Rnd F2, This "fatigue"



effect prochced the decreases in l,, F?, F3, and FA sensitivity as shown

at 279 minutes in Fig, 7C. There was a partial recovery of sensitivity

during the dark period. The tube was then reheated to %9 'C With the cesium

source cold. Nrin! the heating period the photoemisaion resealhd rela-

* MtLWL ±A64ff~a WA1 ±.J%J LV swAa~ ew

to the original 190 *C. values. Thus the phenmenon of increasing photo-

sensitivity on cooling from 190*C proceeds in a reverse direction during

hea-Ang to 1.90 C.

Spectral Responses of Final Cathodes

The Beckman DU spectrophotometer spectral responses of the tube F?

47, 48, and 49 T3 were measured after the tubes had been cooled t ozoc•

temperature at the end of the run. The response characteristics, uncor-

rected fcr the quarts prism dispersion or the lamp energy distribution, are

shown in Fig. 8. The infrared response of PT 49 corresponds to the class

III infrared respcnae described in the previous report, while PT 47 and 48

correspond to class IV.

In the preparaticn cf PT L?7 and 48 the cesium addition was discontinued

shortly after the second maximum in thermionic esissicn was passed. In

PT 48 v the oxygen content of the surface is 55% of that in PT 49 Tn.

Though these two cathcdes differ appreciahly in sensitivity they are *imilar

in that the long wavelength Limita •xceepd 41500 mU, and the half maxia

photocurrent wavalengths are 1075 and 1085& r. for PT 47 and L8 resapectively.

in the nreapratir.n of -T- )9 the sur-fae is (idd•id to givn . b1nack

oxide film contalxang j.5 x 10- 5 gram atom of oxygen. Siuultaneously the

cesým r ý,r•tticn rate ,as .nrkcreaL-ea from 1-2 x 10-8 to 38.8 x i,-7•? les



'

44~

kk

"N'

\,

S.. . . .. ... • . . . . . .. .. "1 ,r -• I

S- k A

S. ... ,. 7



per minute. This rate of addition corresponds to depositig L40.3 layrcs

or ceasum per minute, as copared to 7.5 layers per mLnute in PT i7 and 48.

A c- czoling %A- ra hCat ing F-, L , t o t-, [ d!.......Is A &A i n the

previ~ous section, the cesium source was warmed and cesium added until a

mr*+r.ten eurrAnt appeared. The cesium source was then cooled. The con-

dcction current gradua-ly decreased and tMxrtomic emisRion retuxned.

The thermxonic emission increased to 1050 (M x io-5) range, whareas the

earlier maxim= was 1600 (am x 10-5) range. The infrared bensitivity lost

during the addition of tbe excees cesium retrned. Actually the rasponse

obtained with the various filter& was comparable to that obtained during

the first cooling of the cesium after passing the madam thermionic emis-

sion. Cooling the tube to room temperatuare reaulted in an increase in the

sensitivity as observed earlier in the processing (Fig. 7C). The spectral

reap mns of the cathode after cooling to room temperature is typical of

the comarclal S-I surfaces that have beau examined in this laboratory.

In the previcus quarterly report this spectral response was designated as

class III.

c. PtCEURPACE CcKPOSmOi

As discusued in the previous report, the photosurface composition is

to be investigated by aaiag radioactive ceziwn an;d by x-ray deffractlton

methodm. The rue_,oactive cesium composition determlnaaAon will provide

data on the gross cowpositicn of the surface, while the x-ray ciffracticn

iiIest2. aticn will prcvide a seaci for determin•r• the )rfc~p&I c'Žuati-

tuants. Dr:% i.-Lh past uarter the Coar(sit.icfla. .-au.a t' >ie restricted

t. • ne" .. ..•:• ... .. . of the tecb-n-iqe . r:• ,repc r-...; :•£ .,• - .. ..



For the tracer experiments the xube design discussed in the previous

report has been adopted as standard. The procedure for the ftbrication

of the txbe has been modified to correspoad to the procedure used in the

preparation of PT 47, 40, and 49. With this procedure in which tae ther-

I J -- n. ,r as nnml r ni fl~lll~v 5~ttti tsolýj a.-. . .. ' ntzrmlned. it should

be possible to control readily the processin6 conditions.

Several experimental tubes have been prepared in which radioactive

cesium waj used. These cathodes, hoveyer, did not develop tbe desired

infrared sensitivity. During their fsbrication significant tiermionic

emission was not developed, and the cathodes did not possess the desired

infrared response characteristics. The final compositions of vwese

cathodes ranged from C80.750 to C 0o990. F'or the Ca0,75 tube t2e photoelec-

tric response maximum van at 510 zki, while the Co0.990 maximu was at

915 M4.

The range of composition obtained in these cathodes is in part related

to the technique previousey used in the oxidatiou of the silver film. The

cathodes am given a preliminary oxidation prior to out-gassing, in order

to roughen the silver surface. During this initial oxidation it has been

difficult to initiate the oxidation in the glow dlischarr.

Conmquent-._y the oxidation was erforier, In the abnormal glow dischares

region and su silver may have been sputtered on tne uevM a wails 5uPtUiart

siiver which could be oxidized during the second glow discharge oxidation

vrofld re•ult in an error in the detern•ln-'-_ - -u; e amourt of oxygen

deposited on the cathode. The &.iiiculty is being corrected by preliminary

oxidation of the cathode in a separate vacuroz system foflowed by decompo-

siiori of the oxide at 3500C. ktet the oxideetion 2haoracteristic3 Of T.



cathode are determined, it is mounted in a tube envelope and a tube a

tdiricated using the prcedure dSe!crtbed in the first section of this

report. By this mrean it has been possible to prepare ;silver ftin surfaces

which anpetr to oxidize satisfactorily hen mounted La an eqmrintntal

tube. 5e cause of 'car initia-l flBiatanoe ti .&1%UIU~t ia i~ t prn;Vt

unkovn. It is possible that absence of appnciable thermionic e*Gission

during the cesium additton to the tubes was related to the distribution

of the oxide in the slver filia.

D. M3 CRIVUL 8TU1, OF CBIIN WT3==

A prfvious report on tVe crystal Ltractare of essuit nmnoxict based

essctially upn x-ray povder data has indicated that the oranie-yellov

oxide of cesium crystallizes in the rhmubokedral system in anti-CdC: 2

type layer sfructu (1d), the obserrel paraeter of cesiLu ions ;n tim

unit cell being u - 0.24.2, as compared with u - 0.25 reported by Etas

and. Klmm. ftis gives: C&t - 0" - 3.011, in good axrisoerat with the

rala expected from the knovn ioaic rendi of Ce÷ sad e¶ and Cs+ - Cs4 - 3.771,

w~ich is still considerskil.y h~igbur tman 2 r Cs. a 3.361. In thle type of

layer structure, one layer of C?* may be regsrded as being sandwiched

betwen another layer of Cs+ aMd a layer of 0, so the ^es+ ions sar expected

_L I- -4. -a1,1 -4 ea, al ao. there wi-, be. conasid rable electrostatic

--apusle o betea te two nighborxg Cs+ layers; there two effects vorkiz,

im thn same Qirectict may account for the lon, Ws - Cs tdlstance.

in Tie pres-ent -worE t6.-15e ;inglanrc-ytnl rn for Cs t ottaiied pre-

viously have baen ,r-refaL2 treat.ed for absorpton aad temperatur-e corrnT-

`,ih rpi ob-ect of evjat 2ŽC polarization effect *rtoc the electron

-o~n Rnrri 4etsnmInjy the tMksJ.mter mo:re a~ccurately.



A zorma projection of electron dansaty along the be"agonal a-axis

and a line-section through the c-axri have been prepared. These give

u 0.243,c 00 -O m 3.00A, aend C - Cs+3.a. T Cs+ aears to

consist of an essentially spherical core of sbout 39 electrons and 0.9i

in radius, mid a diffuse shell where the electron density contour is con-

.. Aea.'.MIr affemaLA hv -prlea thrmination errors in the Fourier synfhtsis.

&wever, conmarison of the line-section from F ob * a ' and from

-'Bin
2 .

1 calc. * eA7 consisting of the sene number of terms indicates that

the electron density in the diffuse shell of the Ca÷ is relatively higher,

by 3 - 4 electrons, on the side of the ionic center away from the 0 layer

than on the side near the r layer; the diffuse shell also extends farther

on the side away from the 0" layer. Just how much of this is due to Pol-

arizatton and how =ca to experiaental errors in the observed structure

factoru is not known.

The single crystal rotation spots exhibit the kind of layer-seearing

disorder recently dis-ussed by Brindley and Ogilvie (Acta Cryst. J 412,

1952) for the case of brucite, g(Ofl)2 . Prom the vertical width of the

001-reflections on the a-axi3 rotation photograph (Cu?), the ext&nt of

shearing disorder in the Cs2O crystal used appe. -e to be quite small: only

about a 2r-bend in the c-axis. This would resuit in Iengteneuin the Cs÷ - Cs÷

distance about 0.06 A. Consequently, niuch of this Increase mast be due

to the polarization eect. A rilna report on this utrdutu-' rc:'rk '1- bziag

NOTE: ~this report it is understood zrýýt a]. pr, ains the ctzr 0  _tcw~tn The 1 .:zncsi
tion and the Cooperator and pertain-.g t. pubbichty ci sutije. rnartrr w1,. be r:.p,, onserved.

nv g ............ .. . ...... .

Superviisoi r.0Lt, L$ 4 4 i/u e 4 t-9 J9 z


