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I. INTRODUCTION

The general purpoge of this investigation is to study the
hydrous oxide of lead and the red and yellow modifications of lsad
wonoxide from the standpoint of the preparation of these compounds
from various sources, the X-ray diffraction patterns of the come
pounds, their chemical and catalytic sectivity, physical-chemical
properties such ae heats of reaction, analysis, and any other pro-
perties of these substances which would be contributions to the
total knowledge concerning them,

While there are considersble data in the literature concern~
ing properties of %hese cu&@eunds, there has not been a large amount
publighed concerning the red and yellow forms of Pb0 as individual
compounds other than data to prove the existence and the structures
of the two forms., In particular, then, this investigation will con-
sider the red and yellew forms of Pb0 as individeal compounds, whene -
ever poesible. ZX-ray diffraction methods constitute the ideal me-
thod of determining the nature of a lesd wmonoxide sample and all
samples prepared will be fested by this methed. As the historical
seotion of this theeis will point out, no work has been reported
concerning the preparation of lead monoxides under conditions such
that an *factive” or distorted lattice resulis although thia has been
done for oxides of several other metals. Another spegific purpose
of this work is to prepare such producte if they exist and to study
their propertics in an attempt to determine the causes of such phe~
nomena, &and %0 correlate X-ray diffrsction data with the physiesl
and c¢hemi¢al properties of the substances,

Another speoific purpose of this work ie %o determine as



much as is possible concerning the preparation, composition and
structure of the hydrous oxide of lead about which very little has

besn reported in the literature.



Ii, HISTORICAL

The principal reference works concerning recent developments
on the hydrous oxides and oxides of metals are Velser (1) and Fricke
and Hittig (3). A large number of the references used for this work
and a fairly complete disoussion of many polnte were obisined from
these volumes,

There are very few data reported concerning the hydrous
oxide of lead. Since 1t has been prepared by a variety of methods
some of which are listed in the experimental seotion on the hydrous
oxide, and since many formulas have been assigned to this compound
depending on the method of drying, it will only be stated here that
Weiser (1) liste formulas varying from 2FbO » Hy0 to IPL0 « Hy0,
several investigators baving obtained 2.5Pb0 « Hy0, Some slight
evidenoe has been found by means of iscbaric dehydration ocurves for
the existence of a definite compound of ¢owposition PO * Hyo.
#littig and 3teiner (3) have probably wade the most complete investi-
gation of the dehydration of the hydrate and the warious compogi-
tiong obtained. They also observed thet the X-ray pattern was dige
tinctly different from that of red or yellow Fb0, but gave no fur-
ther discugsion of the type of crystal sitructure expected. Hatta
{4) is said to have deduoed that the hydrate was a erystal of low
orthorhonbic aymmetry but no mention of $this was found in that
article.

The existence of the two forms of Pb0Q, the red tetragonal
modifioation and the yellow orthorbosmbie form, has been definitely
shown by Darbyshire (5). Further work was done on the siructures



of these forwe by Dickinson and Frisuf (8) on the red form and by
Halle and Pawlek (7) on the yellow form,

The preparation of oxides by decomposition of the hydraie
hes been repertgd by Kohlschltter {8) who found s mixture of yellow
and red Pb0 was formed at low temperatures in air but claimed thet
pure red Pbo was cbiained by vasouum degompogition at this tempera-
ture. Hittig and Steiner (3) claimed that this low temperature dehy-
dration gave the yellow form of PbO firet, followed by the red form
after further dehydration., Obssrvations concerning the validity of
thig statewent will be wade in thie thesis. Some of the work of
uliller (9) on the preparation and properties of the oxides and hy-
drate will also be considered in the body of this thesis.

The wost complete discussion of the prepsration of Raetiéel
or distorted oxides, their properties &n& the theory connected with
them is given by Fricke and iMittig (2) and by Fricke {10). In both
references Fricke discusses the experimenial data on the careful low
temperature dehydration of the hydrates of Zn, Be, Mg, Fe, Al and
ather metals. X~ray examination shows a broadening of iines in some
cases, nearly always & decrease in the intenaity Qf high order re-
fleetions, and cccasionally a stretohing of the lattice. Heats of
reaotion of these oxides with aolds revealed an ilnorease of from 0.5
to 5 kilogram calories per mole in the energy conitent over that of
the normally prepared oxides., Ii ls elaimed that this energy dilfer.
enocs aaduths abnormal patiern along with an increase in catalytie
agtivity can be ascounted for only on the basis of one or more of
four fasotors, Thess factors arer (1) Colloidal dimemsions of the
oryetallites, (8) Lattiaé stretching, (3) Poorly oriented lattice,



(4) Aamixture of amorphous materisl., In nearly every case the effsct
has been directly fraced to ecase (2) or (3). It is claimed that in
case (3), one can imsgine that incomplete lattice formation results
from molecules or atoms being wissing at random from the lattice,
and from the atems not all being in thelr preper lattice positions.
This would result in an X-ray patiern which showed & deorease in ine
tensity of high order lines, sn increase in diffuse scattering, and
in souwe cases, general 1ina.hre&daﬁiﬁg.

gomeé of the papers investigating these phenomens are listed
in the bibliographyt Mg - Fricke, (11)} Be, 41, ZIn - Pricke and
Fullhorst, (12); %n - Fricke and Ackermann, {(13); Fe - Fricke and
Ackersenn, (14); Fe - Hittig, (15). Wo work whatsosver hes been re-

ported on such invembigotions on Pb0 as prepared by various methods.



1II. THE HYDROUS OX1DE OF LEAD
A. The Preparation of the Hydrous Oxide of Lesd

The wnethod which was used for wost of this work waes that
deseribed by Euttig and Steismer (3). For this preperstion, sbout
80 gv of PblCaia0p)p * 3HaU in 400 wl. of water were sdded in & jet
to 400 al, of HH.OH selution (sp. gr. = 0.9). Fractious of the
above quantities were used for the first preparstions. The precipl-
tation was Garried sut under econditions such that no carbon dioxids
vould enter during the precipitation, by the use of bulbs of ssoar-
ite. The distilled water used for the solubion of the lend acetbute
and for washing the precipilate was boiled and cooled and kept under
carbon dioxide free conditions. The precipitate was fimally filters
8d by suction using havdened filter paper. The carbon diozide which
enters the product either was present in the original chemicals or
ie sbsorbed by the wet hydrate in the weghing and filtering process.
Drying the product was accompliched by normal desiccation over ashy-
drone {anhydrous magnesium perchlozate) in the presence of ascarite
to prevent the presence of garbon diocxzide in the desiccator. In s
few cuses, vaouuws desiccation (0.1 mm. of Hg) was used with no
appreciable difference in the composition of the product from that of
the normally desiceated preparation.

1% was found by experience that a large portion of the added
iead acetate formed no precipitate with the HH,0H, apparenily dus te
dilution of the solubion, and furthermore, that only a fravtion of
the lead acebate was being utilized in spite of the large exoess of

NH4OH present. Oonsequently, the procedure was revised, so that



?
400 wl, of ammoniws hydroxide were uged for 200 ml. of lead aceiate
solutlon, with the result that & much incressed yield was chtained,
although the preciplitation was 3t111 only about 75 percent effig~
lent., The product obiained in this manrer wag identical with the
eriginsl preparation,

The second awethod of preparation used was underbaken in an
effort to ascertain whether another metiod would yield a produect of
different composition, or of different propsrties when dehydrated.
This method was used only in Lhe preparation of saamle No. 23, and
wag taken from the method uged by miller (2, 170 g. 0of 2 ¥ podium
hydroxide which had bheen trested with beurium acetate $o rewove sll
carbonate were treated wiih 60 g. of lead acetste in 500 wl, of
water added in a slow sirean under cerbon dlozide free conditlons,
Subsequent treatuent of the canple was the sane as that described
above for the previous preparetions wiﬁh amoniva hydroxide.

A third method of preparatison was found more or lesg inade
vertently. An abtiempt wag being made fo prepars 2 partially dehy-
drated hydrous lsad oxlde according %o methods by miller in investi-~
gating the products obtalined by bolling plumbite solutions in vary-
ing strength sodium hydroxide solutions,

#Willer claimed that if a saturated solution of Pb) in eodtum
hydroxide was boiled and goolsd, varicus miztures of the three pro-
duots, hydrate, red and yellow lead ozide would be obtained depende
ing on ths concentration of the sodium hydroxide., From data in his
paper it appeared as though a solution in B ¥ sodium hydroxide might
yield an active parsially dehydretsd product. 3 g. of pure ysllow
lead oxlde were dissolved in 30 mi, of 8 ¥ sodium hydrozide and the
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solution was b@ilgﬁ for two hours with the flask attached to a cone
Cenger with an ascarite bulb at the top. On cooling, a heavy white
eryetalline precipitate formed which, on washing, filtering and dry-
ing could be seen to be composed of orystals sbout 0.2 um, in diame
eter and less. This product of which there was somewhst over 1 g.,
wee sifted through a 250 mesh rmoreen, The fine partiocles were used
for I-ray powder pictures end sore of the larger crystals were cars.
fully pulverized also for the purposs of taking powder plctures.

This preparation wag attempited agein at a later dste without
success, the usuel precipitete being e fine crystelline yellow oxzide
wixed with lumps of material which appesred teo be & mixture of red
and yellow lend oxide. Although the concentration of the sodium
hydroxlide was presumably known by analysim, 4t is poseible that an
error in the original or in the later trisls may have caused condie
tions to be sufficiently different to prevent a reourrence af thie
hydrate formation.

Mieroscopically, these oryvstals have the appesrance of dise
torted yhombie dode¢ahedrons, although they show extinetion effects
in two direotions., Ansiysis and X-ray patterns as mentioned below
show the subgtence to be very nearly the same in composition ag the
formerly prepared hydrous lead oxides and identical to thope in
X-ray pattern. On the basis of the extinetion effects and previous-
1y published estimates by Eohlschlitter (8), 1t will be sesumed that
thess erystale are of the monoclinie system.

1% ghould be noted that all of the hydrate powderas were
rather coarse in averags particle sisze but when dried were non-ag-

glomerating, The analysis and the X-ray pattern remained constant
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during the whole period of %his investigation when the samples were
kept over anhydrons, thus indieating & neglipible wvapor pressure buk
a0t necesearily a definite hydrate of invariant composition, singe
vrevious work on isobaric dehydration as reported by Pricks and
Hﬁttig (3) gives no indication of definite hydrntes within the re-

glon of compoaition ecovered by these presarstions,
B. Analysis of Hydrates

A1l of the hydrate preparations made by =methods 1 and 2 were
analysed quan£1tative1? for carbon dioxide and water by the wmathod
%o be describsd below, There could not have besn guffigisnt guanti-
ties of adsorbed acedate to affect analysis, since none could be dee
teoted quelitatively in ths hydrate samples by acidifiestion with
sulfurie aeid, distillation into water and testing the distillate
hy odor, taste and litwus pansr.

The method of analyasis was the usual abgorption method., The
ourification train consisted of a washing tower of oconceniznied mul-
furic seid fellowed by a U~tube of asoarite and anhydrone, The eome
bustion tube wag & pyrox fube, zbout 3 feet long, The absorption
trsin consigted of o sbraight 4drying tubs f£illed with anhydrone for
water absorption fnllowed by a bulb for carbon dioxide absorpilon
filled with ascarite followed by anhydrone. A protective tube con-
taining ascarite and anhydrone was used on the end of the train,

The procedure of analysls was as followe: the empty porce-
lain boat was heated in a siream of alir not faster than six bubbles
ver gecond for about 10 minutes with all absorption bulbs in the
train, After a definite cooling time of 15 minutes the absorpiion
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bulbs were removed vwith chamois finger stalls and placed beside the
baleance case for 10 winutes. The boat woz kept in the desiccator
durlag thls pericd. The samples wers always welghed into the boat
frow the samle botile by difference, Befors any absorption bulbk
welghing the bald was opened bu the air fo¥ 2 faw seconds. The
igaition of the suuple was done undeT oconditions identicsl to the
preliainary treatment, ignition being cazrried out to ths point of
inciplent fusion of the sample, snd all water whieh condensed on %the
covler pordions of the combustion tube wag driven toward the shgorp-
tion train hy heat. The heated tubs and flow of sir sufficed %o
gavry all woisture iafo the aboorpiion hulb during the 15 ainute
cooling period, Duplioste analyses ware alwaya run and results on
water analysis practiocally always cheoked wlthin 0.1 »ercent, us-
ually within 0.085 percent. Carbon ﬂimxida regulits gheclked within
from C.01 to 0.03 perceut,

Zach of the asampleg of the hydrates prepared for uss in fure
ther sxperiments was analyzed by the above nethod, The resulis
appsared to be nearly indepsndent of the time of deslccation before
analysis. The analysie of sixz samples gave resulis in the following
rang@:

percent 00, ranged from 9,17 to 2,3 {not expected Yo be constant)
Persent M0 rseaged from 2.95 %o 3.18 (not expectsd Yo be quite
songtant dus to varying 0z content)
It will be shown under ths X-ray portion of this hydrate study that
the probsble form of the earbon dioxide in theae preparations is
normal lead carbonate although it would gseen logical to expect a

baslo lead carbonate under the conditions of preparation, However,
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in caloulating the supirical forwmulas for tie hydrats, it makes s
negliglble differencs on wahioh basis the carbom dioxide content ie
trungloraed. The formulas were caloulaved for all of these PTEParam
$long on fhe basis thal the reguisite amount of leud oxide is united
#ith the carbon dioxide, the rewsinder of tue lead okide being COWe
bincd with $he water as tue hydrate. Tusse forwulas wary frouw

Pb0 + 0.364Hg0 to PbO * 0,407.0, a falr mesn of Which would give
MO O.4iHa0.  This eupirical forsula could be studed as

BeDFBY » a0, BFBO ¢ BHuY, or SPL{CH) ¢ 3¥0U.

The saalysig of {he grysials of wydrute sas auade by ithe
microunalyst of the chemisiry depariuent since the awount of sample
was emall and 1% wos deewed wWise to redaln as wuch as pogsible of a
sample which Lad aot heen reproduced by further efforts. This
auslysis gave waluss of 2,30 and 2.40 percent water with no carbon
dioxide. The saaller of these resulis was rup on & aueh larger
seuple than the other, snd ihis glves & formula of Phi * U,41H,0.
The uean velue gives ?bﬂk“ Ce&33 1,0, This would indiocsnthe thot there
might vory posgsibly be an actusl hydrate of this cowposition, even
though otners have ¢laimed 1t iz not shown by iscbarie deuydration

¢, Density of the Hydrate Crystals

The dengity of the limlted supply of lead oxide hydrate
erystals was determined using four lndepsendent trisis. A 5 i,
gpecific gravity bottle wae used. I¥s volume was deternlned by
meang of distilled waler al s known temperature. The best non-vola~

tile medium whioch would exert no solvent effent on the c¢ryetals was
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kerosene, Ite densliy wes deberminszd and the crystal density rum

»

followed thls lmcedisdely et the scue fsupsrature. Temperature wag
eonstant witain 1° uring each run, Buoyrney coxrections were made
wiereever pecessely. The welghing of the crysizls in the ksrosene
wng preceded by evacuation in & vecuum desiccator wuniil uo further
air bubbles were obtalned from the mixture,

0f the four results, only two checked closely encugh 10 Téw
port, This difficulty was probably due o wicroscopic impurities in
he sasple whieh vere nearly all removed by sorting under a reading

glesgs. The reported veluss for tue density ars 7.60 ané 7.51 ge/ul,
D. ZX-ray Diffraction Teohnigus znd Cabta Concerning the Hydrate of FboO

In order o subgtentisie the sinilerities cbeerved in compo-
sltion and oiher propertice of fhe hydrous lesd oxide preperations
previously discusse, X-ray diffracticu photographe for each prepara-
tivn were obtained.

The Z-ray patierns tuden {or coupariscn of these products
were &il tuken with ons guaeya of the wedge reflecticn type in use in
thig lsboratory. It comgizte of 2 cylindrical dtube with {he film
volder muunted on the circuwliersnpe, & colliustur defining & cyline
dricsl X-ray besw sud an edjustuble 30° wedge mounted at the center
of the cylinder for holding the sauples Ou-I radisiion from a
Philiips uetaliz tube with & line focup Jilasent wap used for all of
thig woxk, Soume puiterns were obtained with the sirong besw from
tiis tube frow 4 to 6 hour exposures, Clbers were taken using the
weak beaw, bubt foz finer work, such as callbxation of the cuuera and

ealoulations of spacings the sirong beam was flltered with nickel
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ghonges whioch might Lave tsaken place in the sonposition of the hyw
drate.  Yeray dada, however, give ui least 2 partial solution to this
provlen, The pattern obiained with this carbonsted product contains
severzl lines smach stronger then lilres in the sume pogibion on the
hydrate oettern, and even showe soue swooth lines which nre not vige
ivle on the hydrnte, M owparison of these lines with the patterns
of pure normzl lead curhonate and basic lesd carbonate, it heoomes
evident thst most of these linse ars due 3o norumel lead carbonate,
altiough soms gould very sasily bz exnlained by the basic carbonate,
Aetually, o wixture of asmmal and basic lead carbonais as iugurity
in $ue aydrate ocould ezplain the apsérent deviatiun of the two fore
muiag above frow the normal formala, but such an analysis of fhe
situation ig not ecalled for and could scaresly be substantizted fure
then. .

A more laporiant preblew is t,»t‘ﬁf 2biaining data ou tha
spaviags of tue liues of the hydrate paiteran, ¥Froa fhis it should
be possible Go estimuds the unit cell dimensicns, and evealbuully the
auwsber of wolecules per unit cell, In ordsr to atteapt this, it bee

oame nsgeasary bo use an ageurate zsibod for the deleruinatioan of
the spacings. It was thougbt that some tyye of camera abher tﬁan
the wedge reflection type would Ye of more wolus since the center of
diffraction veries slightly with the position of the wedge and the
1ine posikions would not be constant, Marthermore, c2libration could
only be accomplished By using substences having shgorption properties
rearly idestical to those of the aydrate In order for 2 calibreiion
curve tc be of any value. The only substences fully qualified in

this respect wounld be red Pb0, yellow Pb0 and Pb., OF these, the



lavielice womstunts 0f D and red 00 are the unly ones accuruiely
Ruowa end hls penr of gubsiancses <o nos coupiataiy FAll out & oaliw
breitlon eulve.

Sonseyuently, id wasg declusd Le ewipluy o cawera of the Seew
mann-S0lin type as deserived by seewmsnn (16), Boulin (17) snd else-
aerc, bacwuse of the woventoges esupposedly held by this type of
cumeru, This gawers cperaies on the futusing princip la. The define

ing; uilt, dhe suuple, and the filw wued el Lle on the clircuulerencs

a order o allow

s
f2

0l the eylindrical cumera. In addliion o this,

3,

the bean B0 Giverge enough %o cover She souplo well, she foezl epot

oi the X-ray Gube turget should approximaie & point source wiich aleo

b
4]

%,

lies on fthe circumierence ol the comera. This laiter requirenant

-

gould not be wel with the eguiounent In this laburaiory mlese & long

shudy was carrled cut for f4hig speciiic jurpose, Howsver, 1t waa

.
3
4

L]

tuought Yhad o clvemgent bean delined Ly sllhs seh thet o lorge ares
ol the souple was bathed by the beww would prove satisfsciory. The

)

advantuges 0F thig ype of cuusera sre mopposed fo lie ln the Tacle
that the foeusing effect incresses the spesd of taking plotures, thet
one edye of the line would alwaye be shary ewnd thaet depllh of penetraw

i 5,

tion of tue besm into the ssaple should hnve no gffect on ko posle

tion or the sharpuess of a lins frow a glven spocing. The latter
fact should enable one ¢ calibrate the cowera with a variety of sube
ghances and obtain a good calilbzation cuwrve,

Juch a cacera was designed and weg build in the departmental
tachine shop. Iegenticlly it comslated of a cylindrical brsss tube
of egbout 6.3 em, radius and abeut 13 ow. in leugth, The sauwwle hold-

er was an inget in the bottom of the ingide cirgumference, aboul
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12 25 % 0.7 en, s0 thet tha szm/le could be rollied dowm flush with

pd

vhe olrcumierence., Tha Lower slil edge wes tue inner circuserence
of “he eylinder, the wpper slit sdge ves adjustable aud could be
moved alcong the inner cirvouwfersice of the cylinder.

The £ilm wos held flush ¢ sedngt She dnner surfoce by spring
eteoed ctrins, ond by bress guidesn. The opening throvgh the cacera
wall &t tie slit wos covered with black peper and thin nickel foil.

A eIt in the ton of the cauers surmounted by & screw wasn used for
Bpotiing She filu with Y-ruys. ight-tight covers were slszced on the
ends, & brass shield oxiented nesrly aoross the cowmers snc Sraw the
top to juet sbove the swm.ie %o cubt out the incldent vean and sontbtere
ing from the slit.

A larvge auwber of nieturss of NeCl were token in order o a8~

certain tie cptisuwn slit widih and camere sogition for gharp edged

2.
a

~

lines, Vhen » setiing was found whieh woule give the best repulte
plotures of Fnl, KI, A8y, red £ol, yellow PO, and tue hydrate were
faken. On alteuwpting to walke czlibraticn curves frow these nietures
it was found thet it wog somewhat difficult to weXe a weasuresent to
the gharp edzs of the lines since this ed ge was hazy, however, a
woch Woree result was dlscoversd when tits sositions of 1lines of &
given spacing were oouwpared for the differens patierne, There appeare
ed %o be dlfferences as high as 3 percent ir ths ealidbration curves
for different subetunces. This weaut thai a eouplete czlibration
curve was lupossible %o abtain under the existiag conditions and uee
9f this camnera was discontinued. It ia possible that Lhe caasra dgm
sign or the distance from Sarget to slit was the cause of the trouble

although 1%t is 4ifficult to see why abgorption effecis should enter
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to change 1line pesitions for different subsbences, sincs the theery
of the osmera shows thalt penetraition epis into t@@ saple can only
affeoct the blurred side of the line and this effect should not depend
on the position of the source of X~rays or %the degres of perieotion
of the camers circuunlersnce.

As a result of thie failure, the spacings for the lead oxide
hydrate were calculated from the wedge refleciiou patiern. &Hinee Pb
and red Pb0 were the only asccurately kucwn siandards possesslag ap-
proximately the smue absorpiion characteristice as the hydrate should
have, calibratione with these substaocss were uwade. There were %oo
many vacant spaces to draw an accurate curve pzriicuvlarly iu the re-
gion of epacings greater than 2.5 A.U., so the Tiluel procedure for
determining these unknown spasings was to calovlate the eflective ra-
dius of the camera for various points according to the pesition and
spacing of the red Pb0 lines. Tals radius turnsd out to be nearly
constant over large rangss. The unkaoWs spacings were then caloules
ted by use of these vadii which were asvused to hold over certaln
regions of the pattern und which varied from 6.39 %o 6,35 cu. The
probable accuracy of these spacings, judgiag Trowm fhe varisus eeli-
pration eurves also employed was £ 0,018 A.U. at values graoter than
3 A.U., ®bout £ 0.01C A,U., between 2.5 and 3 A.YU, and frow ¢ 0.008
down to 3 0,008 A.U. as the spaging decreasse Ifrox 3.5 A.4.

Table I gives the final data for these spacings and inoludes
only those lines csused by difiraction of Cu~K  radiation, aa deter-
mined by the use of nickel filters,

An inspeetion of this table leads tc the following data.



Table I
Anglysis of Hydrous Lead Oxide Diffraction Pattern

Line Obgerved Obgerved Possible Gale,

Intensity Spacing hkl Spacing
AU, Values AU,
1 FF G.13 001 6.12
3 ¥F 5.71 100 5.71
3 FF 4,65 010 4,66
4 FE 4,33
5 F 4.01
& ¥ 3.75 011 3.74
7 3 3.60 110 3,805
8 W 3,37
9 & 3,17 ‘
10 W 3.06 003 3,08
11 FF 3,980
12 F 2.913
313 8 5.855 300 3,355
14 FP 2.7386
15 FF 3,662
i FF 2,800
17 gt 2,540 0123 2.556
138 3 3.438 210 3,433
19 W 3,338 030 3,335
20 W 3,163 130 3.153
31 ¥F 84130
23 W 2,033 003 2,040
23 F 3,008
24 ¥ 1.9688
25 88 1.9561
36 ¥ 1.399 300 1.9803
37 FF 1,868 C13 1.888
25 W 1,838
29 3 1.798 230 1.800
30 8 1.751 310 1.761
31 8 1,713
33 g 1.858
33 FFP 1.608
24 W 1.082
38 W 1,563 030 1.580
36 FF 1.528 004 1.830
37 w 1.483 130 1,405
38 F 1,449 014 1,453
39 g 1.423 © 400 1.437
40 F¥ 1,408



Line

41
43

44
45
46
47
48
493
50
51
53
5%
54
55
56
57
58

19
Table I {continued)

Obgerved Observed Pougible Gale.

Intensity Spadging hkl dpaciag
A+t Yalues Aala

o 1.388

F 1.377 033 1.382
P 1,357 410, 230 1.364, 1.362
by 1.343

¥ 1,318
FF 1.866

i 1.356

¥ 1.236 a0b 1,324
i 1,814 430 1.218
F 1.300 330 1.30C
¥ 1.173

W 1,160 040 1,168
W 1.138 500, 041, 140 1.142
] 1.100 '

? 1.075 B45 1.031
i 1.046

® 1,018 Go6 1,880
W 0,881

¥ FeS GO0 0,951
¥ 0.938 038 0,934
P 5.534 050 0,230
W 3,913

W 0886 440 {3,200
F 2.877

51 O.888

3 Ui« 850

?ﬁ Q & 835

¥ 8,810

88 = Yery strong
} = Birong

W= leak

F= Faing

FF = Very faint



Lines 1, 10, 32, 36, 48, and 57 come very close %o being a perfect
series of integral multiples. Lines 3, 13, 26, 38, 83, 59, lines 3,
19, 35, 52, 60 and lines 7, 39, 50, 63, may be similarly compared.
This indicates that these four series of lines are the first and
higher orderg of diffraction fros imporfant planes., It zhould be
kept in mind that in the work of Halla and Pewlek (7) on yellow lead
monoxide & suggested siructure for the yellow form was given with a
statenent that the strueture could be derived directly frou a hypo-
thetical hydrate by removal of water from the lattice. vhile it is
probable thxt they‘ﬁere under the impression thaet the hydrate was a
low symmetry orthorhowbic crysial, the analogy should hold for a
monoelinie hydrate erysizl and one might expect spacings soumewhat
larger but following the sawme general trend of axial ratios for this
hydrate. On this beasise lines 1, Z and 3 were chnsen % be due to
reflections frowm the 001, 100 and 210 planes, respectively. This
corresponds roughly to the orthorhombie yellow lead oxide for which
these pame gpacings would be 5.849, 5.459 and 4.732 A4.U. in the saue
order ae above. With this basie assumptions may be wade as to the
indices of ceriain lines in order to obtain values for the wonoolinio
angle, @ . Since ealeulations using the above wentloned thres funda-
mental spacings may be made for all lines for whick h or k is zere
without the use of the angle,@ , the epacings for such lines were
calculated, Uearly all of the possibilities fitted obaerved space
ings and these are included in Table I. Caleculations were made
whioh proved that the unit cell could not be orthorhomble unless the
cholee of axes taken here was entirely wrong,

In order to find g , all of the linea between 4 snd 10 were
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chogen one at a time to reopresent the 113, i11, 1@5, and 101 reflec-
tione and in each case enough caleulatiana vere made to show with
gome certalnty that the covbination chosen would or would not lezd
%o & check between observed and eslculatéd spacings for the other
lines on the pattern., It wag obvious fraﬁ the nature of goue of the
csloulations that no resulte could be obtained from them. In some
cases large gaps existed in which no caleulated spacings could fall,
altbough observed spacings were nresent, In other cases & line for
which {(hkl)} was Tound gave nc line for the plaﬂa {nk1) but both
lines should be present., No trne fit wag found by the caleulations.

fince microecoplic examination revealed the probability of a
@ engle in the vicinity of 120° and the assumption that line 8 was
the 111 reilection came comewnere near fitting wany observed spac- _
ings, a teantstive cvaleoulation of the unit cell dimensions and the
nuzber of molecules in the unit cell was made on thet basis, The
Tesults follow: &, = 5,93 A,7., by = 4.65 4.7,, ¢y = 8.36 AU,
8 =105° 47 . Volume of the unit cell = 168,8 cubic A.7., Density
= 7.73 g. per nl. These wvaluss lead to é unit oell containing, ss
a very vough approximetlon, one moleoule of BP0 . 3Ha0. Tnas@ﬁxea
sults should at best ve congidered as an aspproximation untilrféztham
date on the dimensiona and the egymwetry of the orysial are made

available by work done on the minute single crystals,
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IVv. THE PREPARATION AVD PROPERTIES OF NORMAL
A¥ND ACTIVE LEAD MONOXIDE

A, Initroduction

The experimental procedure for the preparstion and the inves~
tigation of the properties of the lead monoxide consisted in prepar-
ing oxides from several lead compounds by decomposition at various
temperatures, taking X-ray aiffraction patterns of each of these pre-
parstiong, determining the cabtalytic mctivity of each of the samples
relative to the others ard finally choosing ecertain of the prepare-
tions for further tests, in particular, for the determination of ene
ergy differences by differences in heats of reaction, and for com-

parative meagurements of X~ray line intensitiss.
B. X-ray Apparatus

The X-ray pictures were all taken with the same equipument as
uged for the hydrous lead oxide work; wedge refiection camera, Cu-K_
radiation., Pietures of represeniative sanples were taken with nickel
filter. Others, for comparison, were taken without this filtering
device, Representative plotures are reproduced in Figure 3. An 6X-
planation of these pictures will appear in the deseripiion of the
samples and in the diacuseion of resulis and theory.

C. Catalysis Apparatus

The method of determining catalytic activity was of necessity
a process which would teke place at low temperatures %o prevent ihe
oxides from changing in nature or strueture at higher temperatures.
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The only sultable method appeared to be by the catalytic decomposi-
tion of hydrogen peroxide in neutral solution, The procedure for
these catalysis runs was standardized so that checks could be oblain-
ed on different occasions if the temperature remained fairly constant.
To insure comparative results, a check sample was run with each group
of samples. The spparatus for measurszent of oxygen consisted of an
ordinary water jacketed gas measuring burette, one opening of the
two-way stopeock laading to the reection flask. The reaction flask
wag a 50 al., Erlenmeyer flask fitted with a two hole gtopper, one
opening leading to the gas burette, or to the atmosphere through the
two-way stopcock, the other centaining a short burette for adding the
hydrogen peroxide solution. It was found that shaking of the reac
tion mixture was neceesary if cheek results were to be obtained.

This wap aecomplished by olamping the flmek %o the moving table of &
motor driven shaking machine built on the bent eccentric axle prine
oiple so that rotation of the table 4id not oocur, but a swirllang mo-
tion wae given to the contents of the flask, This necessitated a

flexible connection between the flask and the gas buretie.
D. Progedure for the Catalytie Activity Determinations

Each determination of catalytic activity was carried out,
usually in duplicate, in the following menner., The samples were well
pulverized to avoid lumps. 0.1 gram was welghed into the resction
flask, 7 wl. of water were added, the mixture was shaken until the
sample wae Wetted and the flask was placed in the shaking machine,
the stopper was ingerted with the atopcock open to the atmosphere,

the liquid level in the gas burette adjusted to zero and the stopcock
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turned to connect the resction flask with the gae burette. Exactly

3 ml, of hydrogen peroxide solution, anslyzed to be 3 + (.05 percent
and freshly made up, were added from the buretts in the reaction
flask stopper. At the instant thie smolution wae added, the ehaking
motor and the interval timer were started simultaneously. This con-
stituted the timed etart of the run. In moszt cases very little error
resulted from this procedure since very little more than the 3 ml. of
displaced air could be read on the gae burette at the stert. Iuring
the run the leveling bulb waes used to follow the gas evolution in the
gas burette and time readings were taken for every few milliliters of
evolved oxygen, the interval dspending on the epeed of evolution and
the practicability of meking readings.

These data were not exactly as expected for hydrogen peroxide
decoumposition since most such reactions result in e unimolecular re-
action rate, In this case, there appeared o be & ghort induetion
period of slow ga®s evolution followed by & nearly consiant rate until
about half of the theoretiocal yield of oxygen (32 cc.) had been evole
véd; A%t this point the reaction slowed down and if caleulations were
made considering 16 co. as the initial concentration, the remaindsr
of the reaction came c¢lose o following the ordinary law of a first
order reaction. Consequently, both the constani rate in cubiec centi-
meters of oxygen per second and the unimolecular rate ponetant were
caleculated.

It seems probable that the constant rate more nearly ap-
proaches the conditions of & true catalysis, so these values are the
ones reported, although 1t should be mentioned that the unimolecular

rnte gonstantas for the various samples follow the same general trend
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ag the consiant rates, The dats on the warious samples are recorded
in Table II fogetner with informetion concerning the ypreporation of
the semple and the nature of ite X.ray pettern. Soue of these data
are expluined more fully bhelow and will be dizcussed in & later seg-
tion of thig thesis,

The only doub¥ which could be cast on the validity of the
catalytic sctivity teste would be the guestion of particls size and
agzplomeration., 4As far as the X-rey paiterns could show, there wase
very slight differencs if any between the pariicle slze uf the same
ples compared as to setivity with the exception of the extrsaely
coarse hydretes and the yellow oxide which contained a few large
graing. These sxoeptions tend to prove that even larpe particle size
difference is not & big factor zsince zone of the hydrabtes have acti-
vities nearly as grest as the normal red PhO whiech ie very fine and
homogeneoug in particle size, Fhysical agglomersiions &g interfer-
ences ars ruled out by duvliceoie rung, A fow preliuinary runs were
made using 0,085 g. samnples, and while these were not conitinued the
regults oleazrly showed a somewhat proporiional decrease in speed of
reaction thereby further confirwing tbat the phenouenon is surface

catalysis,
E. Preparation of Oxides and Data Ooncerning Theum

The preparations made end studied for their X-ray pattern and
catalytie activity will be desoribed in this section. The starting
materials for all of these preparations ware the lead oxide hydrate
prepared as previously desoribed, normsl lesd ¢arbonate and basic

lead carbonate. The normal lead carbonate used was Baker and Adamw
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sonts C.P. material lsbeled basic lead carbonate, 3PFH0Qg + 2Pb{0UH)e,
but found by analyeis for carbon dicxzide snd woter to be nure normal
Po0y with a irace of surface wmolature. The basic lead carbonate
uged was dorekls U.F. baplp lead carbonate whose compositlion was
gonfirmed by asalysis.

The first series of preparations was made by dehydrsiion of
tus hydrate ot 100% ¢, The ascarctus ueed was an sbderhalden, or
dryiag pistol, wapor jacketed with sbteam and evacuated dy wecans of
8 Cenco Hi-Vac puwp $o less than 1 ng. of meroury nressucs. Anky-
drone was used ag desiccant in the dwying plsgtol. There were twe
series of thie preparction, series 13 and 15, 4he first beiog dehy-
drationg of frow 4 to 12 hours, the second being dshydraiticus from
15 to 100 hours, The Z-ray palitsrng of the produclis in thls series
ghowed a graduxl decrease in the guantity of hydrate and an inereass
in the amount of red Pbd nresent az tine of dehydratiocn incrsased.
Afser 6 hours Jehydratlon the linas were of about egual intenseliy,
end from that time on the rved PbC lines were Iar wmove initenseé, A%
50 nours there remained ounly & trace of the hydrzte pattern. 74
hours showed complete removal of hydrate lines,

Since the product left in the reaction flask afier catalytie
decoumposition of the hydrogen peroxide by the members of series 15
wvag consliderzbly darkezr brown than the original red product it was
decided to investigate the possibility of higher lead oxide forma~
tion by bhe hydrogen peroxide reaction. COConseguently, some of these
regidues were allowed to stand until ne further decomposition of
hydrogen perozide toock place, and were then washaed repeatedly and
allowed to stand for sowe time in the wash water and finally filter-
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ed and drled. Thia resuliing sample was tested for Mactive oxygent
by means of & small tas@ tube with gide aym into which the sample
could be introdused with concentrasted bydrochleric scid, The spide
arm led into & tube of polassium iodide solution, A naﬁﬂbla formg-
tion of free lodine detsctable to the eye and readily confirumed by
starch solution resulted. Comparison with the corresponding treat.
ment of normal red Pbl prepared at high tewperature will be noted
later.

The most significent deta obtained from the X-ray patterns
of geries 13 and 15 will bs svmmarized below, Considering the lines
of red PbO as indexed and tabulated in Table IV, the reflections
from the planes with the following Niller indices appesred practi-
¢ally unchanged in sharpness frowu those of pure high temperature red
1228 oxide but weaker: 110, 008, 113, 220, 114, 312. The following
lines were definitely broadened and diffuse, in some cases overlapp-
ing other neighboring lines: 101, 300, 121, 103, 8323, 183, The re-
mainder of the lines avpesred to e much reduged in intensity, soue
notably the 303, 301, 004 having become either so diffuse or faint
that they were barely visible. Patterns of this type will be called
digtorted patterns in the text of this thepis since 1t will be sghown
under theoretical discussion that this p&t%arn}prabahly results from
& diptorted or incomplete lattlce formation.

The next series of preparstions were decompositions of the
hydrate &t higher temperatures irn air. 8Samples 17-8, 17-C and 17.D
represent dehydrations at spproximately 200%, 300° and 400° C., res~
pectively. The Lemperature was regulated by an eleoiric heater

heating & largs pyrex sube containing the boat of sample., A chromele
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aluwmel theraocouple with the hot junction lummersed in the sample wasg
ugaed ig conjunction with a Leeds and Northrus fhermocouple potentiow
meter with oold junetion coupensatur. The R-ray patterns show with
nesrly eguel intenslty the lines of red Fbd and yellew Pbl, with
very little distortion of lines exeept whers a red and yellow lead
oxide line are blended tc form a wider line., Thig set of rums‘is
probably of wery 1little value as far ae a study of lead oxide im
goncerned since all of the samples contained some active oxygen. 4n
analysis of 17«0 (400° iz aiz) by the Bureau of Stzundzrds procedure
{13) showed 0.53 psryeent active oxygen, There was no indication of
lattice change or of new latiice forsmtion, bul his wae I0 be éx-
pected on the bagis of the work of Le Blaae and Fberius (12) on the
taking up of oxygen by Po0, To eliminate thig oxidation, the re-
wmainder of the decompositions wers carried out in vacuum, Thue, the
products obiained contained no truce of active oxygeu.

Sasples 17-E and 17-K to 17«P were samples prepared by vacuum
gehydration at intervals from 160° %o 490°, In general, the dsta
recorded in Teble Il show a decrease in aotivity with increase in
teupersbure of preparstion. The XZ-ray palterns showed some dlgptor-
$ion from 160° %o 350%, lesseuning rapidly sbove this temperature,

At the sawe time an incresse in temperasure of preparaiion appeared
to ineresse the content of yellow FPbO gradusliy, until at 400%, the
lines of the two forme were at least of equal intensity. At 400°,
the sanple preparsd was nearly pure yellew FbC of the characterisiie
large pexticles in couparison to that of the red FbO in all the ple-
fures. The eppearance of the yellow form at low iemperztures wap

not expected since the transition teuwpersture has been set by nany
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investlgetors 2% 587%, At 100° below this teuperature nearly pure
yelicw Pby wap obiuined. The feumperaturc regulation of thuis meries
was inaccurste, since uo provision was made o prevent radiation
lass fvom the surfese of the ieated sample., That tuis effe¢t was of
laportance was proved by $he fact that sbove 300° the surface of the
sample wag of slightly different color frow the interior and the sur~
face sppesred %o contuin & little mvre of the red (lower teuperature
fora) whan $he interiar acoording to I-ray pabtierns.

In all subseguent procsourecs except preparatica of gerises
17-F %o 17-J an isproved hewting furnuce was used, The heater was
mede by Weapping the 1 1/3 inch pyrex tube used for the furasce with
15 fect of Jo. 28 chrumel wire, {20 ohas), electrically and Leat in-
sulated by wrap.ings of mebestes cord. This hester kad & BHO watt
wmaxivu ingu, more thau suflicient for thie work. In fact, the
pyraz tube would not giand grecter than 500° §. infernsl temperature
unuer ihe vacunm esployed. The cuvrent for the heater was regulated
by a parallel lasmp circuit bank Wiﬁh"ﬂtﬁ?@-pip&"?&&i&%ﬁrﬁ in series
with the bank. The curreni could be conbtrolied so that the tempera-~
ture within the furnece was gonstant o # 5°, withk only occasional
adjustuent. The sample boat was placed in the furnace inside of a
polished copper oylindex to reduce radiation loss. The pressure was
pufficiently lo¥ to prevent appreciable oxidation of the copper surw
face,

To vheck further on the products obktained by higher tempera-
ture dehydration of the hydrutes, & series of decompositions was
carried out on sample No, 33, & bydrate prepared by the NalH wmethod

deseribed previously. Sanple No, 33-A to 33-E were prepared nt teme
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poratures Tfrom 150% 1o 400%. 7Ths patieras of this serles showed the
same regults op the previcus hydr:ote Gecowpositions alt these tenperam
tures; increased guenitity of yallow PhO aund decreszed distordion as
tlie deuydrotion tenperature was raised.

peries 17-F Yo 17-J was prepared froa the saue hydrate sample
as the other 17 series wenbers, The Abderbalden was sguin smployed
for this purpose using awyl aleoohwl as the heating vapor, 1his Z0ve

a Gcenydration Semperature of approxiuately 13¢°. The sauples of hy-

drate were decowmposed for &, 10, 20, 40 sad 100 nours. 411 of these
samples gave ldeutical d-ray patterns and were alse identical to the
long tiwe dehydrations of series 15 except thet & few of the strong
yellow FPbO Lines appsared on the pattarns ub & tempsrature 5507 below
the roed %o yellow traneition teuperature. The oabulytic agiivities
of the preparations in this series were practieosnlly identieal, After
these teslts had been wade and the X-ray patierns token, these five
saviples were combined for fwether use in heats of reacition experi-
ments and contyelled A~-ray patberns to be dﬁsarihed ia a later ssge
tion. The corbined sauples were called ¥o. 17-F-J,

In order %o prove reproducidility of the results in the pre-
paration of these oxidas having distorted patterns a new nyirnte same
ple wag denydrated for 10 hours in the wvacuum furnace degeribed sbove
at & temperature of 120° to 130° C. Tnis sample, Ho, 38-4, was saved
for heat of reaction experiments, comparison of ontalytic action and
speelial E-ray pletures. The XZ-ray paliern proved do bs identicsl
with taat ol Ho. 17-F-J, with the excepiion of a slightly greater ine
tensity of yellow PbO lines.

Up o this polnt, no ssuple of pure undistorisd red PO had



been obbalned and it wes obvious that it could not be prepared from
the aydwate. Since 1% wag eszentizl to heve guch sauples for compaye
ison purpoesss the next glep Llu the procedure wap 9 prapere such &
geuple. snllerts methods of preparing the oxides Irouw plwbiie solu-
tions (9) were tried but s pure homogeneous product free from lead

ané barium carbouates wes Qifficult to obtain and thes methods yielded

comparatively large wicroscopliec crysitals whica were unsuitable fox
cuspariscn Work with the other preparations. A& good preparation of

rec Pou of any particle size wus not prepared even frowm 16 § HalH by
M&ller's metnod. & falrly good crap of ortaorboghic plate crystals
of the yellow~green oxlide was obitoined ou boiling yellow bl powder
{prepured Oy hewbing bydrale or carbonstes well above gan® o) in 16
i NaOE and cooling slowly.

Series 13-4 to 18-k were preparations obtained by heating
Bakxer and Adamson's norual lead carbonats (labeled bueic lead carbon-
ate) in vacuus at temperatures ranging from 230°, sy which the firss
nobiceshle decouposition takes place, to 450°. Hvery one of these
products Wae nearly pure red Pb0 except in cuses where the time of
heating or the teuperature was uot sufficiently great ©o completely
decouwpene the carbonate. This fact was proved by X-ruy pictures.
4gain it was noted that there was svwe of {ue aistortion seen before,
on pictures of samples prepared jusi sbove the point of decouposition,
from 230% to 950%. At 300° and sbove, the linee on the pattern were
gharp. The distorted samplec here alsp ghowed increased catalytice
activity over the normal samples. The norsal sauple 18-4 showed very
6light if any darkening in color of the sample after the HyO, catale

ysis, 'The washed and dried sample was tested for sective oxygen as
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the samples of series 15 were treated, with the result that no more
than the slightest trace of active oxygen was found, Sowe of the
panples prepared 2t 4@&0, 18-, 18~1, 18~J, 18-L, 18~, 16-N were
ecarefully analyzed fur carbon dioxide and used in sgowme of the heat
of resction studies later, It chould be noted thet Le Blane and
Eoerius (18) clalm thet yellow ¥b0 only may be prepared by d20omposi-
ticrn of lesd carboneste (prepared from lead acetnte and amsonium carw
bonate) in vacuwum at 250° ¢, gzince this does not apvear to be true
for normal lesd carbonate, either with commercial or with & sample
prepared by treating lead secetuts with o large excess of avvonium
carbonate wirich snalyzed as nurs normal MbCls, it was deciced to in-
veatigate the decompogition of begle lesd carbonate,

Hercit e basic lead cerbonete (snalysis - 2PbC0, ¢+ PH{OE), )
wag used for thesge trials, Samles 244 to 34=0 are the results of
these decompositions from 238° 4o 400% ¢. The Y-ray pictures show
the gane distortion of the red Phd lines for samples prenared below
300° €., and large guantities of yellow Pb0 in these samples, Higher
temperstures spreared (from relstive Yine intensities) to give proe-
ducte containing o smaller proportion ef galiav Pboy, It ehould be
noted, fthat derker products were obtained at the higher teuperatures
which might support the indication of less yellow Pbl if it were no$
for the faecl that colers apnear to be of almost no walue in dealing
with oxides of lead. The activities of these preparations were high
probably because of the distertion and the large amounts of yellow
RO together. As a result of the carbonate and basic carbonate de-
compogitions, the praparation of pure yellow PbO at Yemperatures be-
low the transition tempercture appesrs 1o be improbable, The pre-
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Foreblon of o pure red PbU can be zecsupllensd., Furitaer supsort e
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the Soeony of the oxisleace of acilve disbortbed oxides uos besn glven

Wy the low tcwperature products ol the cerbonate decuipositions,
F. Heat of Reaction dtudiss of Lesd Oxides with Concentrzted HC104

In ageordenos wita the facte sentioned in the Listorieal
seetions of this thesis, ssugarencuts should ve sade taat would give
poue clue ap te vhetier e wore uotive, disturted vazidse sctuslly
posgesd & grestor coergy condent than the sorsal, less active vxides.

. s ey e P T - o o e 0% oy G ST \ CART W
IL & given resetion iz takew ws & plondard, tie aifferescs in the

noat of reactlon of the dishorisd snd norael sxide should Lo & nede
pure of the difference ln erergy content of theze two oxides, pro-

viding $ue zans floal glete ls rencasd 1o every case aund calcula-
flung are based oo & undt quentity of the oxi ¢6¢
Tus reaction snployed hare was the solution of the lead

oxlde in conseniroted perohloric acid. Concenirated acld wap nscesw
cary since hydrolysis of the product tock plaecs i a mors dilube so-
lution was used rogardless of the large excess of HCLU4 present,
Tus procedure was purely empirical and vas designed only tu obtaln

ety of results which gould be gowmparsd with eaech otier and not with
any other series of runse, Sinee this was the casme, exact analysis
of nev bottles of HCLO, was not necessary, the ¢alorimeter purte,
theruoneber, teuperature of run, tewperaturs of the oxide, eto.,
were not necesserily the sase for different series of runs, but
every effort was made to keep conditions constant for one serieg of
TUNS,

The apparatus consgisted of a one-half pint Thermos flask
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¥ith wide wouth, a Beckmann therwometer, z glass stirrer and a nede
ium speed stirring motor. Hince, for ell rune, an exect volume of
HOlQ, wos used, the position of the stirrer snd thermometar could be
beld constant with respsct to the liguid level in the flask. The 50
wl, pipette used delivered 83.8 g. of 88.% percent HCLC, at 16-17°C,
Although these exact dats are of uno importsnce in the celeulations,
they show the conditions of the runs. fxeetly one grem of the same
ple to be dissvlved was welghed on glazed paner, This was brought
to room temperature before using, The HULO. wee pre-cooled o ZSQG.,
adted fo the flask and the stirrer was sterted. ‘The Beckrann thepe
wometer was sef 5o thal several wminutes would elense before it wounld
read zbout 0.3%, the usual starting point for $iwmed reedings, in
order for equilibrium to be rezched hetwsen the calorimeter and 1i-
guid temperatures, At this soint timed readings were taken every
thirty seconds wndil those rezdings showed » constant rise. The oxe
ide wom then poured into the calorimeter without allewing any of it
to touch the calorimeter perte. The last fragwentsz of the sswple
were carefully brughed into the flask, Resdings were continued at
30 second intervals until the rate of tenperature rise again bhecanme
congtant, The true temperaiure rize wae determined by plotting the
data, time vs. tesperature reading, and extrapolsting the lines re-
pregenting constant rige beforg and alter the reaction to the mid-
point hetween the tiwe of addition of the oxide and the time at whioh
the final constant rate of rise starts., Duplicate runs were mpde
for esch gmmple., The variation between dupligsites woe such thot the

maximum error appenred %o be + 0.01%, or, on the basis of a 3° rige,

& maximum error of + 0,33 percent. Vory few duplisate runs were
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more than 0.01° spart, or # 0.005% deviation from the mean.

Por siwmplicity, the results of these measurements will be
given in terms of the rise in degrees, differences in rise and per«
cent difference in rise which would be proportional to percent Giff-
erence in energy content. All rises were calculated on the basis of
one gram of the substance concerned. 8Since the materials are all
contapinated with small known quantitles of normal PbCQ,, basic FPbCO,
or hydrate, the rises per gram for these suhaﬁ&ne&a wust be known,
but sinee there is a difference in the final state of the solution
if one gram is dlesolved and if a small fraction of a gram is dis-
solved, there should be & difference in the heat of reamction of 1 g.
of Pbl0, and the heat caleoulated for 1 g. of PbCO; when the reasction
ig carried out with & fraction of a gram., While this difference
should not be large in such a great excess of HC10, as is used here,
the riges per gram on the basis of small guantities of FbCO,, basic
PbC0,y and lead oxide hydrate were found by means of natuyral and arti~
ficial mixturse of known composition with pure red FbO, Onoe these
values were determined the meagured rises could be oonverisd to true
corracted rises for the red FHO present by means of the analysis of
the produet and simple algebrale ealoulations,

Table III gives a list of the measured temperature rises foy
the normal PbO, the distoried oxides 17-F.J and 28-4, the carbonates,
the hydrate, analyses of the normal and distorited oxides, the corm
rected rise per gram of the rad PbO In the normal and distorted ox.
ides and the maximum and minimum possible differences between thenm,
The guestion of maximum snd minimum differences enters because of

the fact that the carbonate impurity in the distorted oxides may be
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present as normal or basic lead carbonats, If all of the carhon diw
oxide present is combined as basic lead carbonate, the corrected teme
perature rige #ill be a mazlmun according to the caloulations menw
tioned sbove, 2£ all of the carbon dioxide present is sowbined as
normal lead carbonate the corrected rise will be a mi#iamm. For nor=-
mel PbO, the enly impurity must be normal lead carbonate, Hoth vale
ues are glven although long exposure X-ray patterns of No., 38w re-
veal some faint lines whioh correspond to basic lead carbonate lines,
so this oombination appears %o be meost probable, It should be noted
that these tabulated data are divided intce three separate runs, all
with alighﬁly different conditions guch as different stirrer or dif-
ferent flask,

Heats of reaction run on sample of nuramml yellow Pb0 give &
value of 23.896€ with the apparatus of run He. 2, after correoting for
tre suall amount of €O remaining in this preparation made from basie
lead carbonate heated well above 600° C, While the distorted pat-
terns showed evidence of the presence of thieg form of PO, calcula~
tions show that even 10 percent yellow Pb0 in the distorted PO would
not appreciably affect the corrected walues listed in Table III. As
2 mattér of record, a caleulation is wade here that gives a rough es~
timate of the va1§§-¢f the hest of resction of the FbO with HC10,.
gincs the waier equivalent of the calorinmater is not used, the true
value is larger than that caloulated frow the greatest cbmerved rise
in Table 1II. Teking run Ho. 3, sample 18.J, the corrected rise ip
3,170, ‘The specific heat of 70 percent HC1O, ie abouk 0,430 cale
ories per gram {20). The weight of HCLO, ie B2.84 g, Therefors, the
true heat of reaction will be grsater than 35,3200 calories psr mole
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tive intensities could be read as true relative intensitles, provide
ing & basis could be found on which to compare the relative intensie
ties. If such a oulibretion ecould be wade it would be poseible to
check to sowe extent on the intensities predicted for red and yellow
PbO on the baeis of their structures as determined st the prasent
time, It was also considered necessary to measure the relative ine
tensities of lines on the distorted FbO patterns for comparison with
the normal pattern. This could be done nearly as well wiihout knowe
ing the true relelive intensity calibration, although further data
on the position of the oxygen etome in the red PLO lattice wmight
help explain the diffusion of the lines on the disiorted FbO pattern.
The method used for this attempited calibration was to use
two gtandards whose lattice oconstants and structure were moccurately
known, namely, Pb and Bi. These metals were both prepared in the
Tinely divided state by reduotion with Na,9n0, solution. The Fb was
prepared by adding & dilute plumbite solution %o an excess of stann-
i%e solution. Extreme care had to be taken to prevent $he precipi~
tated wei lead from coming in contact with air more then momentarily,
even to the exitent of drying under acetone and transfering to vacuum
desiceator without removing from the acetene. If these precautions
were not taken the product contained large ampunss of Pb0O. The Bi
wag prepared by adding & large excess of alkaline sﬁanniﬁa'salﬁﬁian
%0 a BL(NOy)s in HNO, solution., Less care was needed in bandling
the wet Bi precipitate since 1%t wes not readily oxidised. $inee 7b
and Bi have nearly %h@‘ﬁﬂmﬁ-maﬁﬁ abporpilon coeffieciente for Cu~E
radiation, the only oonirol on the inﬁsﬁﬂiﬁy of the beam was 4o be

Bure that for each pioture the same amount of radiation went over
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the top of the wedge in relaiion to the intensity of the total inci-
dent beam. The Vietoreen r-ieter was used for this memsurement and
control of the helghi of the wedge was usmed to vary the amount of
radlation passing over the top of it. Lead ends were made for the
camera in order to prevent stray radisition and lopized zir from fog-
ging the film. The position of the camers, the tiwe of exposure and
conditions of developlng films were also controlled as carefully as
poesible with the equlpment used.

Each of the patterns so obtained was used to make & wmicroe
photometer trece for the calculation of line intensities. In addi-
tion, microphotometer ourves were run on patierns of normsl red PHO
and on various distorted patterns; samples Fo, 17-FeJ and 28-A, taken
at various exposure ftimes. The microphotometer was adjusted to maxe
imum sensitivity for these runs and the total darkening or zero trans-
misgion line was pud on each trace for purvoses of measurement.

The caloulation of relative intensities was uvade Irou these
traces by unessuring the phqtmgrap&ia darkening of fthe peaks of the
curvee in the casge of Pb, Bl and normsl Pb0, since ihe lines were¢ of
the same type and of about the same thiokness. Sinoe the background,
which was nearly constant, must be subiracted out to get the true
darkening due to the line, the final forxrmula begomes 8 = log ..%%...;
where & is darkening, gﬁ is transmiseion through the background, Tp
is transmiesion through the pesk intensity of the line. These trang~
missions are meagured by the distance between the %otal darkening
Bage line mentioned above and the point on the curve in question.

The relative intensities were then caleoulated from these measured

darkenings,



44

The theorstical relative intensities were calculated from the
orystal structure by the usual method of calewlating F, the structurs
factor for planes of a given set of indices (hkl) for ezch plane,
squaring, wultiplylng by the nusber of cooverating planes and‘aompagn
ing these values. Atowic structurs faotors as a function of ain é%
for Pb, Bi, and O were obtained from the tubles of Pauling and Sher-
man (31).

When an attempt was wade to find some relationship beiween
the measured relative intensities and the caloulated velues at defis
nite positions on the Pb pattern which gould be spplied to the prbe
terns of Fbl and Bi to correlate thely theoretical and measured rela-
tive intensities, no sueh relsilonshlp could be found, A few igo-
lated paire of lines gove results which checked as to theorstical and
meagured relative intensities but no way of calibrating over the
whole pattern would work. This attempt was then abandoned hut some
of the data found for red FbC has been ineluded in Table IV along
with further data o be desoribed bhelow,

8ince a calibration was unnecessary for the purpose of com-
paring the patterns of normal aand distorted red PbO the following
method wag adopted for getting this comparison. The lines on the
digtorted red FbO p&ﬁtarné ware in sany cases g0 wide and diffuse
that peak intensity messurements would be of ne wvalus, Integrated
intensity values wust be used, so the procedurs for determining these
values was to obtain the photogrephie darkening from the mierophoe
tometer eurve at several points on each peak, to plot these wvalues
ageinst the horizontal dlsgtance from the start of the peak to the

peint in question and to find the area under ithis ocurve by means of
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& planimeter, Thig gives the integrated derkening of the line which
is proportional to the integrated intensity in the same manner that
the peak darkening is proportional to the paak intengity. This is
dependent on the properties of the X.rsy film ueed, and it hasg baan
shown by uﬁhér workers in this laboratory that this is essentially
true far the film used herse if the darkening 1s not toe great.

The results of these measurements for some of the linee of
normal and distorted red PbO are included in Table IV. Some of the
lines were foo faint to be measured sbove the background with any
degree of certainty. The percentage decrease in relative intensity
of pairs of lines on the distorted patterns couwpared with the rela-
tive intensity of the same palirs af‘iines on the norsml pattern is
also included in Table IV, Since the presence of yellow PbC in these
distorted samples has an effect on the meaeured intensities, note ie
made in the table of the yellow Pb0 line and its spacing which might
gause interference with esch red PbQ line messured,

This completes the experimental work of this thesis. Theo-
retical caloulations and discussion concerning the active oxides and
their relation to the normal oxide will be considered in the next

geotion,



V. THEQRETICAL CONSIDERATIONS AND DISCUSSION OF RESULTS
CORCERNING LEAD MONOXIDES

In the preceding sections, the preparation of red Fb0 and
mixtures of red and yellow PbO from the hydrate and carbonates at
various temperatures has been described in some detail and typical
Xeray diffrsotion pictures have been included, It is evident from
the patterns and from the data on the setivities of these preparations
toward the oatalytic decomposition of Hy0,, that there is a definite
difference between the products obtained by the high temperature de~
composition of the hydrates and %he carbonates and ths products ob
fained by decomposition of the hydrate and carbonates at temperatures
only slightly above those at which the dissoclation pressures becous
great enough to lnsure a reasonably rapid deoomposition at the existe
ing presspure. The latter type of preparation is typified by increased
catalytic activity and by several broad diffuse lines in ﬁhe L-ray
pattern and a readily observable ®fading out* or decresse in inten-
sity of lines having large values of gine ©, indicating a definite
lattioe dlstortion of some sort,

The firet comparison to be made of the difference between the
normsl and distorted oxide was that which has already besn rnoted cone
cerning the catalytic activity, shown in Table 1I, Here the compar-
ison of distorted sample 28-~A with pure red PH0O 18-¥ ghowe the rate
of evelutiun of 0y from Hgy0; to be more than doubled in the case of
the "ective® U~, 38«A, Further examination of the table ghowe that
in every case decompoeition of the hydrate from 100° to 200° shows a
greater oatalytio activity ae more of the hydrate is decomposed (as

hydrate lines disappear from the Y-ray pattern), and also & decreass
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in catalytic aotivity as the temperature of dehydration is raiged
above 200°, The particle size undoubtedly has an influausa on the
activity of preparations still containing some hydrate, but for
samples prepared sbove 300” the particle size appears not to aiffer
from that of the lower teuperature products and in addition, learger
quantities of yellow PbQ are found these high #emperatura prepara-
tions, a factor which shauld,von the basie of the activity of a some~
what coarse pure yellow Pb0 No, 27, cause an inorease in the activity
of the producis so prepared. The fact that the &etivity decreases
for high temperature preparations indiecates that the low t&m@erature
products are much more active and that thig asctivity is daatrayedvﬁy
higher temperafture. This conclusion has been reached by Fricke,
Hﬁttig, et. al,, for other éxides as mentloned in the historical
se¢tion of this thesis,

The increased catalytle activity of the producte obbained by
decomposition of Pb0Oy —- No, 18 and 2PbCO, * Ph(OH), -— Ho. B34 at
temperatures where they wili just devompose isg less easily axylainé&.
No. 18«8 to D are quite active and do show & definite distoriion
effect on the pattern which is @ mixbure of FbCOy and red Pb0O. Howe
ever, thipg effect is muoh less marked than in the case of No. 28-4.
8ince an appreclable quantity of Pbl0; appears to lesesen the astivity
(cf. Table II, sample No. 11) it is to be expeoted that No, 18D has
lower activity since the pattern shows only partial decomposition,
The particle sige of these products mey be smaller which would cause
inoreased activity although there is no distinet indication of this,
It ie %o be noted again that from 300° on up to 450° the activity

deoreasee (18-A, F, ¥, N) snd the product gives an undistorted pure
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red Pb0 pattern. The geries of decoupositions of Ho., 24 « 3Fb(D,
Po(0H) 5, Wo. 24-4 to G, at various tewperatures, shows a trend simie
lar to that of the PbCO; decompositions. Mixtures of the basic lesd
carbonate, red Pb0 and yellow Pb0 apoear at temperatures just high
enough to start decowposition, the carbonate gradually diseppears
leaving a distorted paftern even st 300°, and finally above 350° the
pattern ie that of an undistorted mixture of red and vellow FbO in
nearly equal quantities. As & possible explanation of the fact that
the distorted patterns from the carbonate decompogitione show greater
activity than the more highly distorted product obtsined from the
hydrate, it might be noted that the carborate sontent of the decome
posed hydrate would probably be present as a coating sround some of
the oxide particles since the scarbonates will not deeompoae at those
temperatures, whereas the residual carbonate content of the decome
posed carbonates would be enclosed by ths active oxide which resulied
from the decomposition. Since sarbonate ig known %o retard the
catalysis tremendously, this would indicate that the active oxide from
hydrats might atill have greater activity than measured, and that
%here wag no reason to doubt the pemi-quantitative walidity of the
activity measurements in the cese of this apparent anowoly.

Two oulstanding feots remain o be discussed and explained
if possible, The first is the cause of the distorted or active
propertles of the low temperature product red PbO. The geeond is the
formation of yellow PbO at sueh low temperaturss., A forthrignt ex-~
planation of these phenomens does not appear $o be easily found, but
a theoretical discuseion and some caloulations will folliow, parfie
cularly with regard to the first phenemenon.
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The first explanation of the distortion whish might be cone
cidered is that the lattiee is changing over to that of yellow FbO
end that the differences of certain lines ie fdue to the fagt that
goue planes of sach lattice baving the same spscing are involved in
the observed effect, This, however, can be se:n %o be a2 false hypo-
thesis, at least as far as complete explanation iz concernsd, by
examination of Table IV, This shows that many of the red Pb0O lines,
somé broad snd sowe sharp, have no yellow PbC line with a spacing
elose snough to exert any such effest. In addition, it should be
noticed that the distorted pattern lines all have o weaker ralative
intensity (compared either to the 110 intensity or with some other
first order line intensity) fhan the lines on the normal PbO pattern,
with one exception.

4 second discussion, although not necessarily an explanation,
of this distortion might llie in a survey of the atoms lying in the
planes which give the sirongly distorted lines., The atructure Face
tor expressions for red Pb0 on the basis of the structure given by
Dickingon and Frisuf {6), lezd %o the following simplifications.

Red PbO has 2 molecules per unit cell. The Pb atome have bheen

placed at O 1/3 u, 1/3 OU where w = 0.24, The oxygen atoms have

been tentatively placed at 000, 1/3 1/3 0 socording %o the spece

group of tne %e%ragunalvkystem? ﬂ;h‘ This results in the expressions:
(1) b, kodd F,, = -3F, coe 2nl(0.34) + 21,

Fo
{(2) h, k even Fp,, & Mwew ank{0.24) + 2%,
(3) B, k mized Togg = 8%, ein 2n1{0.34)

whers fP and Ig are the atowle stattering faotors for Fb and 0.

b
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A& ovousiderstion of the above structure facter expressions
together with the data in Table 1V concerning sharpness of lineés on
the distorited patierns reveals that the lines which are definitely
diffuse or broadened are not confined to reflections having any one
of the three cosbinations of the indiceg h and k given with the
gtructure factor so that no eonslusiona can be drawn as to the nopu-
lation of the nlanes that are distorted, nor can the diatortion be
blamed on a displacement of either oxygen or lsad atoms alone. When
it is considered that & spacing such ae the 001, reflection from
which depends almost entirely on the reflecting power of the oxygen,
ig so faint that it just barely apneare on the patterns it seems
hardly probable that & displecement of oxygen stows alone sould cause
the obeerved effeect,

Farther oheervations of the direetion and position of the
planes causing sharp refleotions or the distorted patterns revesl
that there appesrs %o be no direetion in whieh 2 distortion of lead
or oxygen stome could take place without esusing notable distortion
of one of thesgs planes, Thue, any attemptis at gim@lifying the disg-
tortion effset by predicting the direstion of displacerent of atoms
will not be satisfectory. Furthermore, if s directionsl distorsion
of the lattice took place there wight be a noticeable etreiehing of
the lattice and this was not obgerved,

The third discussion soncerning the cause of the distorted
pattern is bused on the theory mentioned by Fricke, Huttig, ot. al.,
that the highex energy content oxides éh@uldfahaw an effect on the
X-rey diffraction pattern similer to the 8o cslled Debye-taller
effest of theymal agitation, This effeot is desoribed ip some dew
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tall by Compton and Allison (23) with nearly sufficient data for
calculations. Aadditional data for this work were obtained from
Riehtmyer (83) and frow the International Critical Tables.

This theory states, in brief, that an incresse in tewpers.
ture exerts an influence on the seatiering factore for atoms by vire
tue of tne increased thermal energy which presuusbly incressee the
amplitude of vibration of the etowe in the crystal, with the result
thet at high temperatures the gcmtﬁigigfnﬁifﬁers are decreassd
acgording to the equation, f=f, e s where f = scatisring
factor at temperature T, f, = soattering factor of the atom ani regt,
@ is the Bragg angle, and ¥ is defined by:

e [o(F) . |
R R rt s
where h ig Planck's constent of aatei%;‘;x, m ig the mass of the atonm,
k ieg the Boltzmann cmnatanﬁ, T, is the characteristie temperature of
the substance defined as the temperature at which hv = kT ifwis the
¢haracteristioc frequenvy of vibration of the erystal as used in
Einstein's relationship between heat capacity, temperature and vi-
brational freguency (Ei.chtmyer,hvp. 269) ,2
_ e kT v Te
Cy -3R[j~_;_—r(%)  0(F)
is the Debye funotion valuves of which may be found in a tzble in
Compton and Allison (22), A is the wave length of X-rays used.

Unfortunately these equstions were originally derived for
siupler casss than the diatomie moleocule of Pb0 which e¢rystallizes.
in the tetragonsl system. The Debye-Waller equations were derived
for leotropic cubic system erystals, aslthough it is possible to
apply it to distowmic solidg by valeulating £ values for both atons,
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The Binstein squation was derived for wonatcuie solids, bubt uay be
gpplled in sowe cuses to molecules if the heut eapaclity ocan be gafaly

agsuued to be eqgual %o that of two monatomlie sollds and 1f the vi-

brational freguency 1s nesrly the same for each kind of atom in the

wolecule, The first sssumpiion is falrly well met by Pho, sinece

GV 2gge 18 about 10.64 as calculated from G, values by means of the

approximation €, « G, = X G T, where 4 = 0.0818 {Richiuyer,
P v Thelt

P. 367). The second ascumption is p:@bably not fulfllled even approxe-
imately by FhO, but soume interesﬁxng ealeulations may be made in
spite of thie as will be given below,

Regently Zener and Jauncey (34) and Goetz and Jacobs (35)
bhave demonstrated, the former theoretically, the latter in practice,
. that the Debye-Weller formulss are spplicable %o anisotropic solids
without change. Goetz and Jacobs use the expression J = J, e o sin’o
where J and Jy; are the relative intensities of & line at temperature
T and when the atoms are at rest, This would appesr %o be slightly
ingorrect in view of the faet thad intensities are proportional %o
the squares of the siruoture factor, but there would be a negligible
difference if the temperatures used in the caléulation do not vary
greatly.

A calculation by means of approximations for the exponentiasle
in the Zinstein equation was made in order fo cbiain a wvalus for v ,
the charasterietic frequency. The value obtained was 7.86 x 10*®
gse™? at 207° I, This gives & value of 347° for T,, the cheracter-
istie temperature. Flacing this velue in the equation for X gives
0.0404 for pure normal oo at 398° K. In order fo &aﬁarminé-tha

¢hange in Intenslty which would ocour if the energy difference obe-
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gerved by aeats of reaction were entirely converted indo thermsal
agltation accoerding o {the Debye~ialler egustions it is necassary
to csleulate the energy content sccording to the Zinstein equation,
E = 3No h v (Richtuyer, p. 869), add to this the percent in-
ﬂmam-se ;u: u—aa-e&!sured energy content and ealculate the tempersture
corresponding to this new energy content, This tewperazture, using
the maximum observed energy difference of 1,94 percent, is 305° X.
an increase of ouly 7°. 4 calculation of the value of X at tais
temperature gives M = 00,0433,

Since the greatest difference in imtensity will be at large
values of © , the 204 spacing is taken for ealculations, Using these
values of 3 for the normsl and high energy oxides, the decrease in ]
ovserved intensity for the 304 refleetion would be of the order of
0.1 pereent, The obeerved decrease in intensity of this line below
the intensity on the normal pattern is sbout © perovent when the de-
eérease is calculated by mesne of intensities relative to those of
the 110 reflection, about 31 percent when referred to the 103 re-
flection, It wust be remembered that these observed valves are %oo
iow, since there is no way of finding what the true J; value is on
the distorted pattern, end thess longer spacing lines undoubtedly
are aleo less intense reletively then on the normal pattern. From
this 1t is apparent that either the Debye~Waller sffect furnishes
only a small poriion of the observed distortion or that the chare
acteristle temperature and frequencies are meaningless for red FbO
when oalenlated on thé basis of these formulss,

In order to test this, it was decided %o make s ssloulation

on the basis that the gharacteristic tewmperaturs caloulstions were
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invalid but that the ehoaracteristic temperstuvre of FuU would be in
the neighborbood of thab of P, 8¢° X. Afver carryisg through ibe
sze type of celculation on thls basie, ¥ turns cut %o be 1 and 1.031
for the normel end highk energy ozide at 29€° X. and 30%° K., respec-
Tively. These results would allow & 1.67 percent decresse in intenw
glty, #till far below the observed, paritieulsrly vhen relative if-
tenpsitiscs of other lines are used for coupariscn whieh show a greater
decrease in intensity than the 304 reflection. If thse measured rela-
tive intensitles of given lines of short spacing are coumpared wita
each other on the two typeg of patierns by ceans of the Tirst approxe
inpticon assumption that The lines from 110, 002, and 103 planes are
very sligntly affected by the dlstortion and are practically egual to
Jo» values of K cen be csleulated which range from 1.7 to 4 for the
various lines, If further stepe in this seriss of sporoximmtions are
taken the values of i incresse to such an extent ihat no theorebiecal
value for the charscteristic temperature could poesibly give sueh
lazrpe values of ¥ providing the observed energy differences are used
to determine the temperature s which i is ealculated. Thus it is
peen that whether the Einsteln equations hold or no% for Pb0 there is
little pogsibility that the Debyelialler effect as applied to differ-
enceg in energy content ¢an explain the distorted lattice of the red
Fol. 1% ghould be noted that while the Debye-Waller eguations should
gtrictly be apclied only to elements, an atfempt o splld the eque~
tion into two parss, one for axygén.ﬁﬁatt@rimg factor and one for
lead meattering faetor, would sgareely be an improvement on the above
¢aleulations, since the oxygen scatiering faofor has so 1ittie effect
on the total crystal structure factor, snd the value of K for ©b



would he very close to that czloulsted sbove on the basis of Tp =
80° %,

A In comeluding the dipoussich of the active distortsd red Fho
1% way be sald thaot the digtortion 1s foo large to he explained more
ther in part by spolying the arinﬁipia of increcged thermai aplita-
tion fLron incressed tolal energy content, Since the scilve vroduct
bas at least twice the cotulytic activity ol the normal oxide, there
must be an inereased samount of "active® surface, which ig probszbly
due to incomplete forwmation of the laitice, with the result that the
increase in energy nay he locslized in reglong where this distordion
hes faken nlace,

It is clerr from the data, X-roy patterns and digecussion
thoet esuch & dlstortion exists and that nroducts of this type may bhe
identified by the Yeray pattern and thet an incressed catalyiic
activity, &t leaet for certain rg&mtions, snd an increased ensyny
content nmey be predicted for the compound, slthough a suitable spe-
oifie explanation of the phenomensn ie lacking.

The other shenomenon which reguirss some explenation is the
formation of the high teuperature form of Pb0, the yellow orthow
rhozbie modification, at temperntures 450° below the irue tramsitlon
teuwperature of 585% 0. The guestion of oxystel polyworphism has been
treabed historically and theorefically by Buerger and Bloom {38) and
practioally by Bloom and Busrger (37) as applisd %o $hz0s. 4 cone
bination of facte from the dalta of this tha&iﬁ with data and theory
from the latter referenves gives s partial explanation of the phe~
nomenon., The data on Sby0s show that the two polyumerphie forme of
compound, oubic low temporaturs steble form and orthorhombie high



tempersture stoble form pay both he formed by hydrolyais of Shil,
depending on the conditions. The preosence of certain foreign lons
{specific effeat) and noscibly the presence of woter hound &s o
hydrate both geen to causge ihe production ol the *unstebler high
tewmperzture medificztion st ordinery temperstures. If the anslogy
could safely be czrried over to the lsad monoxides presared froa
hydrates and earbhonstes, it counld be resgonsd thet elther the pre-
sence of water or small guantities of secotobes nipght eanse stobillza-
tion of yellow PO formed 2t the low bewperatures frow the hydrate.
bl prepared by low temperature decomposition of normal lead carbovi~
ate produesze no yellow Phd, hubt thet presered frow the basie lead
carbonate dozs condain yellow Phd., These facte lend support to the
theory that hydraie water was responsible for the stabilization; uvbe
less the basic lsad carbonate comtains ifraces of acetate. The
method of preparativn of the basle esrbonate wes not koown but no
teote for agetate were guccessiul.

gince the date of thig thesis show that the distorted MO
hae an energy content prester than yellow 0, 1t might be argwed
that the distorted Fo0 i 2 metastsble state which should very reade
11y change over io the nexi lower energy forwm, the yellow Pbh0. Howe
ever, neliber long heating of the distorted oxide during the process
of preparetion &t the low temperatures nor aging at room temperature
appears to affect the coupoeition or depree of fistortion of the
active ved Pb0, so the high energy form dees not appesr to be parii-

oularly unsteble or umetastable.



VI, SiEMARY

1. The preperstion srd pnalysis of powder gnd suwll erveisle of the
bydroua oxide of lewxd is described., The product slvays hag & compo=-
sition giving a formule 5Pb0 ¢ BE,0. Z~zay diffraction studies of
hie hydrate with wedge refleotion camers and Cu~-K. radiation give
the spacings for the lines of the diffrection pattern, By trizl and
exror methods and & few logiecal assumptions 2 very rough estimste of
the unit cell dimeansiong of the hydrate wos made gonsidering the
crystnls bo De monoclinie,. Densliy asssursaenits and unit gell die
mensiong lead to an apuroxisation of one mulaguls per wnit cell.
2. gtudiss of the preperafion of oxides from ths hydrate, normal
lesad carbenate and bagsic lead carbonnte at low and hipgh tempsratures
sre degcribed, The low tenparsiure presaraiilons result in n nroduct
waleh gives & highly distorted X«rey diffraction nattera of the red
tetragonsl form of Pp0 conteminated with sowe of the yellow ortho-
rhoubic modification, High témﬁaraﬁure dacompositions of the hydrate
end basic lead carbonate give undistorted patterns showing mixtures
ef‘red and yellow Fbi), High tempersture decomposition of normal lead
carbonate zivez an undistoried purs xaﬁ Ph3.
3., Comparigons of the catalytie metivity of normel and distorted zed
PbO, yellow FbO and the hydrste toward hydrogen neroxide decomposi-
tion are deseribed, The agtivity of the distorted produet ie muoh
greatar than that of the other producte ecompared, and the difference
can not be atiributed to particle size.
4, Conmparisons of ths heats of reaction of the normal snd distorted
red PbQ with concentrated perchlorie acid sre madé with the resuls

that the distorted red Pb0 possesses & 1 %0 3 percent gzéaﬁa# SnRYEY



gontent than normal red PbO,

5. An attempt to calibrate the X-ray cswera la order to obdaln true
ralative inbeasities o7 diffraction lines 1s described altacugh the
abteupt was not saccessful. Relative intensity wmensursasents on the
distorted and normal r@d.?b%lfax couparison purpoges ars dsacrlbed
andé bthe resulis asre tabulaﬁeﬁ'ahawing the exbreamely great dsgraage

in iins iantensities on the distoried FOU patiern.

8. The digcussion of re¢sulis includes & review of thag acltive proper-
ties found for the distorted red Fbo and caloulations which show
that the distortion cannot be sccounted for solely on the baspis of
thermal agltation resuliing frow the increased energy conteant of the
product. Other possible explanatione ¢f the dislorlicn are gonsle
dered, in particular p discussion of possivle direetione in which
distortion could teke place on the basis of the sharpanese or diffuse-
ness of lines cn the cistorted patbern, an explinei.on of ths for-
mation of yellow Fbl st temperatures far below thue Yed tu yellow
transition Vewperature is pestulated on the basis that lattice lme
purities such as water will cause a metasicble forx b0 appear in

temperature regions in waien lt.is not usually produced.
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