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ABSTRACT

A laboratory prepared compound lead oxide a-PhO, was used for XRD
and electron microscopic investigation. Using B.E.T. Method, the mea-
surement of the particle size turned out to be 2.40 m?/g. A series of calcu-
lations was made to refine the cell constants. Then a frequently-used

KEYWORDS

Lead (1V) oxide;
XRD;

Cell constants;

Crygdlitesize.

computer program (LSUCRIPC) was run to compute the cell constants
more precisaly. Thereceived valueswere a=4.95048, b=5.93631, c=5.47491.
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INTRODUCTION

a-PbO, hasan orthorhombi ¢ systemwith space group
Pbcn-D,h, Z=4. Inthea-PoO, latticewithitsdistorted
hexagonal closest O% packing isoccupied half of the
octahedron situationsby Pb* (Pb <> 0:2.16A). Each
O? ionistothree Pb** ionsneighboring!. a-PbO, can
be understood on the one hand asHalbbrookite (TiO,)
type, and on the other asaground structure of thetypes
of theWolframits (FeWQO,) and Columbits(FeNb,O,).
Thelatter one can be understood as order structure of
the a-PbO, type. Debye-Scherrer-diagram with sche-
matic representation of theintensitiesisshowninthe
following TABLE*9.,

a b C Lit.
4,938 5.939 5.486 1
4,938 5.939 5.486 2
4,954 5.954 5.477 3
4,938 5.939 5.486 4
4977 5.94 5.444 5

Thework aimed to determine cell constants and
crydaliteszes.

EXPERIMENTAL

Materialsand equipment

The preparation of -PbO, asdescribed inthe next
section; The utilization of a-SiO,, made by Merck
Co.Darmstadt, Germany; The use of XRD: X-Ray
diffractometer D 5000, Siemens, Kristalloflex; SEM:
Scanning Electron Microscope, REM-JEOL (GSM-
840); TEM: Transition Electron Microscope, Hitachi
(H600).

Preparation of a-PbO,

A (NH,).S,0, solution (25 g solvedin25ml H,0)
was added to 100 ml saturated CH,COONH, solu-
tion (solvedinH,0O). Tothismixturewasadded gradu-
aly 32.5 g Pb(CH,COO), (PbAc,)(solved in 30 ml
H,0). At the sametime 70 ml 25% NH, sol ution was
added to the mixture. Thissolution turned yellow and
then dark-brown and finally reddish. After approxi-
mately 6 hoursstirring, 59 (NH,), S,0,wasadded to
it. Thismixturewasfurther-stirred about 38 hours at
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Figure2: SEM electron microscopic photograph of a-
PbO,, enlar gement is 5000X
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Figure 2: SEM electron microscopic photograph of a-
PbO,, enlar gement is 5000X

25°C. In order to remove excess of NH, and to bring
unwanted lead compound in solution, it waswarmed
up to 70°C, This mixture was cooled down and the
supernatant (jut out) solution with white crystals of
PbAc, wasremoved temporarily. Theblack precipita-
tion consisted of fine-grained, water insoluble of o-
PbQ,,. In order to clean the product, it wastransferred
into somecentrifuge conta ner and waswashed for sev-
eral timeswith diluted CH,COONH, solution. After-
wardsit wasdried in adesiccatorsover silicagel at
25°C.
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X-ray diffraction

The a-PbO,samplewasprepared in Bedacryl and
it was exposed to CuK a1 radiation for two hours (see
figurel).

Initial materials aswell as products were finely
ground and prepared on asampleholder using aScotch
tape and Bedacryl 1.C.l. They were X-rayed with
CuKalradiationusngaGuinier Camerawithfocusng
quartz Monochromator. Theexposuretimevaried from
810 16 hours(mostly 10 h.). For precise d spacing, an
internal standard was used: o-S O, proved unsatisfac-
tory because of insufficient reflectionsinthe higher d

range.
Electr on microscopy

Thefirgt seriesof themorphol ogicinvestigation of
a-PbO, was accomplished with a SEM electron mi-
croscope (REM-JEOL -JSM-840). The preparation of
the sample was a so accomplished by coating of the
surfacewith gold (3-4 min). Thereasonableenlarge-
ment was 5000 times. The second series of electron
microscopicinvestigation with TEM equi pment wasac-
complished (EM-Hitachi, H-600). Thesamplewaspre-
pared inthefollowing way. Thewhite powdery sample
wasfirst coated with carbon. Thiscarbon film wasthen
treated with HF acid on the surface and was investi-
gated by means of TEM equipment. Thereasonable
enlargement was 5000 times (seefigures 2 and 3)1¢9,

RESULTS AND DISCUSSION

TheXRD resultsshow agood agreement with stan-
dard diagramof a-PbO, (Figure 1)(ASTM 21-474).
The analysis of the product showed that the sample
was stable.Making use of thismethod, we managed to
produce pure a-PbO, for thefirst time.

SEM photograph of the produced o.-PoO, isshown
in Figure 2. Crystals are round with adiameter of 1
um, they haveagood arrangement to each other form-
inglargeround crystals.

TEM photograph of the produced o-PbO, isshown
in Figure 3. Thecrystalsare somehow larger, yet they
areround. Thereasonableenlargement in TEM photo-
graph was 5000 times.

Specific surface, particlessizeand crystal size of
a-PbO,: BET method was used to measure particle
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sizeof a-PbO,. Thereceived result was 2.40 m7/g.

Calculation of cdl factor

A mixture of two powder a-PbO, and a-S O, was
prepared in theratio of 3:1 which madeitsgrinding
easy. Now an X-ray diffraction was made. The goal
wasto obtain aprecision of thelinesituation. Itisoften
quotedinreferencesthat a-SiO, suppliessharp lines.
TABLE 1: line of the a-SIO, (ASTM-33-1161), Hex. a =
4.9133, ¢,=5.4053, z=3, D =2.649 g/cm, D_=2.656.

40 40 D

Inorder to computethe correctionfactor by measuring
theX-ray film, somea-SiO, was added to the a-PbO,
powder. TABLE 1 showsthe XRD lines of the com-
pound a-SiO,.

Now thetwo density diagram were compared with
each other and the sharp lineswere picket out, there-
sultsdid not belong to a-PbO,,. Thesharp linesbelong
to a-PhO,, thelines of a-SIO, were measured and the
following TABLE wasset up. InthisTABLE, A shows
thedifference between referenceand experimentd val-
ues.

No. _ _ | hkl.
CuKallit. FeKallit. (A) Now having A and 40 values, the A values were

1 41.69 52.58 4257 22 100 |5 onagainst 40 valuesand thereceived points
2 33.30 67.35 3342 10 101 meas. :

3 73.08 02.81 2457 08 110 were used to ca culatethe curve. Now onthereceived
4 78.91 100.40 2282 08 102  curvewasreadoff foreach40 __ vauesanew Avaue
g gg-gg igg-gg gﬁ; 8-2 ;(1)(1) i.e. A_.ThusTABLE 3wasset up.

7 9162 11712 10792 04 201 Then therewas4ecorrl according tothefollowing
8 10028 12870 18179 14 112 jomula

9 101.22 129.96 1.8021 0.1 003 40 =40 +A

10 109.73 141.52 1.6719 0.4 202 o e

11 11065 142.78 16591 02 103 TABLE 2: Thecomparison of thelinesof a-SiO,, theexperi-
12 114.47 148.03 1.6082 0.1 210 mentally and thosefrom ther efer ences

13 119.89 155.97 15418 09 211 _

14 127.99 167.02 14536 0.1 113 No. a-SiO,

15 131.52 172.07 14189 0.1 300 hkl 4 Omeas 40, . A

16 135.50 177.85 1.3820 0.6 212 1 100 41.33 41.69 0.36
17 136.26 178.97 1.3752 0.7 203 2 101 53.33 53.30 0.97
18 136.64 179.53 1.3718 0.8 301 3 102 78.66 78.91 0.25
19 146.92 194.91 1.2880 0.2 104 4 111 80.33 80.56 0.23
20 151.34 201.72 1.2558 0.2 302 5 200 84.66 84.93 0.27
21 155.32 207.98 12285 0.1 220 6 201 91.33 91.62 0.29
22 159.75 215.12 11999 0.2 213 7 112 100.33 100.28 -0.05
23 160.09 215.67 11978 0.1 221 8 211 120 119.89 -0.01
24 162.29 219.29 11843 03 114 9 212 135.33 135.50 0.17
25 163.94 220.37 1.1804 0.3 310 10 203 136.2 136.26 0.06

TABLE 3: Themeasured and calculated data of Sin?@.10*for a-PbO,
No a-SiO, a-PbO, 0 Sin%0.10* Sin%e.10* PbO,
. hkl 4emeas. 4eref. A 4emeas. Arec. o (meas) (Cal ) hkl

1 100  41.33 4169 036  46.46 0.677  47.137 405.35 389.1 110

2 101  53.33 5330 0.97 56.66 0.92 57.58 598.85 604.66 111

3 102  78.66 7891 025 - - - - 671.18 020

4 111 80.33 80.56  0.23 65 0.56 65.65 783.04 794.33 002

5 200 84.66 8493 0.27 68.2 0.47 68.67 859.70 869.5 021

6 201 91.33 9162 0.29 72.4 0.37 7277 965.2 953.37 200

7 112 100.33 100.28 -0.05 81 0.24 81.24 1197.97 1200.8 112

8 211 120 119.89 -0.11 - - - - 1465.7 022

9 212 13533 13550 0.17 - - - - 1623.6 220

10 203 1362 13626 0.06 99.3 0 99.3 1762.72 1748.1 202,130
11 - - - - 101.2 -0.02 10118 1826.3 1822.9 221

12 - - - - 1116  -0.073 11153 2189.58 2193.9 113

13 - - - - 118 -0.101  117.89 2424.8 2418.8 222

14 - - - - 121 -0.101  120.89 2537.88 2445.8 023
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TABLE 4: Calculated Sin?0.10*values, 40-valuesar eused
fromTABLE3

No.  40., I Sin®9.10% (corr.) hkl
1 47.14 1 417.08 110
2 57.56 10 618.06 111
3 - 2 - 020
4 65.65 7 798.35 002
5 68.67 7 871.23 021
6 72.77 2 974.75 200
7 81.24 1 1204.78 112
8 - 1 - 022
9 - 3 - 220
10 99.30 4 1762.7 130,202
11 101.18 3 1825.6 221
12 111.53 2 2186.9 113
13 117.9 2 2420.7 222
14 120.9 3 2533.7 023

Now using thefollowingformula, aTABLE wasset up,
with the measured Sin?0.10* valuesas can beseenin
TABLES:

Sin@= n
2d
A=1.5405 (CuKal), n=1,d (from TABLE).
Now we are ableto compute on the basis of Sin?

0 .10*thecell congtants.

Sin20.10°=A.h?+ B.k? + C.I?

At first thoselineswhich possessonly arun num-
ber of hkl, different of zero were picket out.

Thusthefirst series of A, B, C values were ob-
tained. Thesevaueswereregistered into the so-caled
atomic position x-ray diagram. At the beginning one
selected: h=0; k= 1,2,3,4; 1=1,2,3,4 and then calcu-
lated thelines (the valueslarger than 26000 werere-
jected as insignificant). Next it was selected: h=1,
k=1,2,3;1=1,2,3 and then cal cul ated thelines.
Likeabove h=2; k=1,2,3; 1=1,2,3 etc.

Now thereceived linesvalueswerecompared with
measured values. If they correlated well, thentheA, B,
C valueswould be sdlected, otherwiseonehad tovary
A, B, Cvaues(cell constants) till they become opti-
mal. Thisisknown astherefinement of the cell con-
stant. Now these datawere computed with acomputer
program called LSUCRIPC. TheinputA, B, C vaues
were used 3 times for computations (though not yet
optimal). Thestructure, name, angles (vaueof 6) and
experimentally receivedlines (46 ) werea so entered
into the program. At first the calculated valuesof A, B,
C were compared with LSUCRIPC and Reference

—= Fyll Peper

vaues

The optimizationwasaccomplished over 40 times.
The following values were received a=4.95048,
b=5.93631, c=5.47491. Thisvauesshow good agree-
ment with thosefrom references.
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