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ABSTRACT

I 7The Allotropic Formg of Gerium

The orystal structure of elementary cerium has besn investigated
by Xeray diffractian at temperatures from room temperature to that of
liquid nitrogen. Despite a variety of heat treatments, I have besn able
to obtmin at room temperature only a cublc closest-packed structure sith
&, = 5.139 Kx. No evidence could bs found to confirm ihe existence of a
hexagonal closestepacked structure.

When stressesbare produced in cerium, as for exemple by quenching
from 250°C. or higher, and it is then rapidly cooled with liquid air, a
new form is obtained which also has the cubic closest-packed arrangement
but with 8, = 4¢82 Kxo If the cerium is annealed or free of stresses then
Qo allotropiec change takes place.

In the new structure it is believed that the 4{ electiron has moved
into hybridi;ed 5d 68 orbitals to take part in bond formation. Thisg exe

perimental work cénfirma in part the predictions of Trombe.

.

il The Siructure of Urea Oxalats
Urea oxalete crystallizes monoclinic prigmatic, P 21/c, &) = 5.418 X.,

(4} (s}
A, = 12,404 A., A, = 11.576 L., and B = 143°L'. There are two formula

3
weights per unit ocell. The structure is a layer one with the molecules
almost parallel to (100). The layers are held together by van der uaals
forces. There is no discrete urea oxalate molecule. Zach layer is a

network of urea and oxalic acid molecules held together by hydrogen bonds.

One extremely short O = H - 0 distance of 2.47 g. was found.
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I THE ALLOTROPIC FORMS OF CERIUM
Introduction

In the first X=ray diffraction investigation (1) of the structure
of cerium the metal was reported to crystallize a£ room temperature in
both the hexagonal closest-packed and the cubic clossstepacked arrange=
ments, but in later Xeray studies only the cubiefform has been fOﬂﬂda The

phase behavior at low and high tempsratures aleo has been examined by'dila-

LS

| tonetiric, magnetie, and other methbds, not including Xeray diffractiocn.
The results have shown a strong dependence on the hisiory of the specimen,
but they have also’indicated that cerium might have altOgéther four ale
lotropic formse. The most interesting transition is evidenced vy a 1oﬁ

contraction in volume at 109° K.

A. The Strusture of Gerium at Room Temperature.
1. Historical
In 1921 4. %o Hull (1) after making the first Xeray diffraction
investigation of cerium reported as follows on its structure. “Cerium
thus appears to be composed of the hexagonal and cubic forms of close
’packgd arrangemen@s of atomsﬂ like cobalt. The effect of annealing has
not been tried. It is possible, however, that the apparent dimorphism is
due to impurity, as the sample; though sugposed to be ver& purs, has not
been analyzed, and its pattefn was almost identical with that of 'misch

metal® which contains about 8% iron.”



Hull found the cell dimensions of the hexagonal structure to be

"

a

0
o - 3665 g., Gy = 5496 4., ¢/a = 1.633; and of the cubic structure

a, = 5.12 E. With these dimensions the densities of the hexagonal and
cubic forms are 6.72 gm/cm3 and 6.88 gm/cm3 respectively. No other data
than the cell dimensions were published by Hull, but recently he has kindly
given Professor Linus Pauling a phbtostat of his original deﬁa; I h;ve
uged it to prepare}Table 2.

Since Hull, other authors (2), (3), (4),. (5} have reported the
results of H{eray @iffrgction investigationa of cerium. They’all;found the
cubic form. Of these Klemm and Bommer found besides the ¢ubic diffraction
maxima two additional faiét lines which they coqld index as reflections
from the (101} and(103) faces of hexagonal cloéest-paeked cerium. No
cthe; Xeray evidence of the existence of the hexagonal structure has been
publighed.

In a microscopic study ofjﬁerium casting Schumacher and Lucas (5)'
found only the cubic structurs.

Jaeger; Botteme, and Rosenbohm (7) studied the variation of specific
.and electrical resistance from room temperature to 540° C. When their
specimen was freshly cast, the curves were irregular and ﬁon—ra?roducible,
- and remained éo until the specimen had been gycled some eight‘iimes from
1sq°to 5400:6. The resistance curve for the ¢ycled specimen indicated
transitiona‘at 393% and 4400 Co Their deductions as to the structures of
cerium_are.not‘of ihterest.‘

Trombe and Foex (8)‘in dilatometric,studiea also found that the
| dgnsiiy of cerium is dependent upon its bietory; but becomes reproducible

" after prolonged annealing cyclas'bétween 500° c. and the temperature of



liquid nitrcgen. In their dilatomeﬁric ourve they observed no discontinu-~
ities at 393° and 440° C., but they found one at 150° C. When the cerium
was elowiy cooled from 150° G. its density at 20o Q.was 6.72 gm/cms, and

" when it was quenched from 150° C. its denéity wag 8.77 gm/cms. By com-
parisou_with the densities calculated for Hull's two structures Trombe
agsigned the hexagonal structure to the annealed cerium and the cubic

structure to the quenched cerium.

2+ Experimental

The gerium used in the present investigation was a small casting
obtained fro;sn 15. He Spedding., He listed the impurities as 0.2% calcium,
0.2% magnesium, and 0.0@%-baryllium. |

By a spactrogr&phic analysis I found the sample ftée of other rare
aartya.

The specimens for the Xeray diffraction investigation were prepared
in an argon étmoaphere 6y sifting 200-mesh filings from the eaating into
thin~wall glass capillary tubes. The tubes were then sometimes evacuated
énd sealed, and at other times sealed at once without removing the argon.
All heat tré&ting wés done after the sample was thus prepared. %hen the
specimens were quenched it was by directing onto them a blast of air.

This gave immediate cooling, because the thin-wall capillaries were only
O¢3 mme t0 044 ma. in diameter. The X-raj powder photographs were %aken in
a camera of radius 5 om. with copper radiation filtered through nickel

foil 100 4 thick. |

I first.found that unannealed filings from the casting gave the

pattern;ccrresponding to face~gentered cubic cerium. 1 then attempted

to prepgre hexagonal cerium.



According t§ the reports of Trombe or of Jaeger, respectively,
phase transitions oceur at 159°.or at 393° and 440° C. Both agree that
-at room tempergture hexagonal cerium is the stable form. In‘the attempt
to get hexagonal cerium i heated specimens to different temperatures up to
as high as 4260 C. and- slowly cboigd them to room temperature. Other samples
I cooled past the purperted transitipn points and then quenched. On the
supposition that hexaéonal eeriué is stable at high temperavure I quencﬁed'
\still other samples from as high as 575° G I even applied a lowetemper-
ature heat tfeétment by repeatedly dipping a specimen in liquid air, bee
cause Trombe reported that this favors the formation of hexagonal cerium.
Finally, I aléo romelted a portien of the original casting Qnd repeated
some of the above thermal experiments on it. Altogetner, I never found
so much as a trace of hexagonal closestepacked cerium; I always gaf the
cubic closesti=packed structure.

 The detailed heat'treatmenis given the samples are shown in

Table l. Thosé saﬁples designated by a common letter are the saune speéi-
_mén; the numerals indicate a sequence of heat treatments.

I £ou5d the unit ecell edge of quenched cerium to vary from 5.132 Kx.
to 5.148 Kx. To obtain a repréducible value of thes 1attiée constant 1
determined it on two carefully annealed 8peciéen8. The two values are:

Sample a

Q
) Ee2 54139 Kxe
L=5 5138 Kxe

I determined the ponstanté in the following manner. First, I found

the value of éo represented by each reflegtion that occurred at a high



Sample

Eel

EeZ

G=1
@-2
J=1
K=l
Kw2

L=2

" Le3
L=4
L5
L6

M=l

Q-1
Pel

T=1
U=l

Vol

- e am we

5
Table 1

Summary of Heat Treatmente¥

Heat Treatment

Cooled from 208° to 130° at 10 /'nr.6 held 12 hours
at 130%; cooled to room temp. at 30°/hr.

Cooled from 420°% to 300° at 20°/nr.; held 18 hours

-~ at 300 ; cooled to 135% at 20°/hr. Held 12 hours

at 135%; cooled to room temp, at 12%/nr.

- Quenched from 525 .

Held 2 days at 320° and qﬁenanad.
Held 2 hours at 300° and quenched.
Held 6 weeks at 105° and quenched.
Held 4 weeke at 340° and quenched.

Slowly cooled from 490° to 430%; held 30 hours at
430 ; quenched.

‘Held 10 days at 375° and quenched.,

Held 11 days at 330° and quenched.

Cooled from 320° to 0% at 10%/nr.

Dipped four times in liquid air.

2lowly cooled from 490? to 430°, held 30 hours at
430°; slowly cooled to 3350, held 17 hours at 335° 5
quenched.

Hold 45 min. at 575° and quenched.

Held 1 day at 340° and quenched.

Part of original casiing remelted, cooled in furnace;
sampled.

Specimen from remslted casting; cooled from 300° to room
tempe at 50 /hr.

npeoimen from remslted casting; held 2 hours at 300°;
quenchede. ‘

W eE W av wWe Al S s W MR S0 D €5 AR AR G @ A W @ W WD G S wx Gk E@n em eh A & W u

“*Temperatures are degrees Centigrade. 3Samples with a common letter
- ars the same specimen, but the numerals show & sequence of heat treaiments.
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Bragg angle. Thus with sample L=5 I got these values:

nk® Radiation | sine © 8,
511 Koy 77832 54131 Kx.
440 Koy .84725 5.132
531 Ko 88574 5,134
531 anz- .88789 5.135
600 K oy .89799 5.135
600 Ko, 090027 - 5,133
620 Ko «94640 5.136
620 i K o, 94879 5.136

I then plotied the values of a, agéinat the Nelson end Riley (9} function,

2 2
HPa-3 + 9959),

and extrapolated them to @=90%. '?ﬁe value of &, at 90° I took to be the
true value. Helson ané Eiley\in a study of extrapolation methods have
ghown that this is the best function to use when abagorption is high, which
is the case with cerium.

| The pqinte were all nearly on a stralght line, and the extrapolated
values are in crror by lese than 0.002 Kx. The two values of &, i obtained
agree well wiih the values of 5.138 and 5.140 Exe reported by Zintl and
Neumayr {3) and 5.140 Kx. ¥ .002 reported by Klemm and Sommer {5)e |

i calibrated the camers with sodium ghloride whose cell edge I took

to be 5.626 Kx. The date were alwayé corrected for the shrinkage of the
film. Before development two marks were indented on tie film with an ine
strument which had two prongs at a known distance apart. %hen the pattern

on the film was measured the distance betwsen the two marks was alee measured,



and the ahriﬁkage was thus found. The wavelengths I used fer the copper

radiation are:

o, 145374 Kxe
Ka, 1.5412
Ka 145387

3. Discussion.

In view of my own inabiii%y and that of otaers to get nekagonal
cerium I have studisd Hull's data in gome detail. In Table 2 I compare
the intensities and'interplanar spgcinga he obgerved witn those¢ that hexe
agonal and cgbic ¢losest-packed verium should have aceording to my'ccmpu--
tations. There are thrse maxima which ¢aanoi be indexed on the hexagonal
or the gubic lattice. They may be due to sows impufity.“ The agreement in
intsnsitieé is somewhat héphazard but cannot §ith proprieiy bé appraised
by present standards. On the whole I am inclined o accept that Hull's sample
had a hexagonal structure. But in view of the lack of an analysis of the
epecimen, and the s@milarity of its diffragtion pattern with that of misch
metal, an alloy c§ntaining enly about 507 cerium (io), 1 question whether

the hexagonal strueture was that of serium.



Observed and

8

Table 2

Calculated Interplanar Spacings for Cerium

Caleulated
Hexagonal
¢logestepacking
va.o"-‘ 3.58 gc
Ga-‘-'— 5.968
hkd 5 | I
100 3.16 22
00: 2058 243
161 2.7% 9.0
102 2417 1.4
110 1.825 1.6
103 l.682 1.8
200 1.581 0.3
112 1.556 1.9
201 1.32%7 1.3
004 1.49 Je2
202 1.396 03
104 1.348 0e3
203 1.236 Q.6
120 1.195 Ge2
121 1.171 1.1
122 1.109 0.3
300 1.054 Ce3
123 1.024 07
302 0.883 05
205 0.853 Q.4
220 0.913 1.0
310 0.877 Cel
232 04873 Ged

Observed
Hull « 1821
3.03 2
2.92 F
2.79 12
24555 1
24455 i
2.185 1%
10330 ??%
1.824 8
1.6868 . 2

1.355 10wide

1.478 2
1.393 294
10326 74
1.232 3
1.182 2
1.154 3
1.065 1734
1.03 %
0.997 74
0.954 4+ 1
0.939 2?4
0.918 1%
0.878 %
0.871 3

Caleculated
Cubic
eclogest-packing

a =5-lq

4]
YY) a I
111 2,97 2.5
200 2457 1.l
220 1.817 0.8
S11  1.550 0.8
222 1,486 0.2
400 1.285 0.1
331 1.179 0od
420 1.15 0e3
422 1049 003
511 04989 Oed
531 0.864 Qb
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B. The Structure of ferium at Low Temperatufe
1. Historieal

In 1934 Trombe (11) diseovered an hysteresis in the magnetic suscepti-
bility curve of cerium at the temperature of ligquid nitrogen. This phenomenon
was also observed by Klémm and Bammgr (5).v Othere (lz) (13) were unable te
‘observe any such effect. Later Trombe and Foex (8) after an extensive dile
tometric, magnetic, and electricel study of gerium publighed theiéqnditiona
under which this phenomenon gould be obaorved.

If the cerium had been recently cast, or if it had been quenched from
2069 Ce %0 room temperature, them upon sooling it io the temperature of
liquid nitrogen, they obteined thé dilatometric and magnetic susceptibility .

!
curves shown in Figures 1 and 2 on the next page. The density and magneiic

susceptibility chanééd sharply at 109° K. when the temperature was lowered,
and they again changed together at 175° K. At 109° K. the deerease in length
is 3.36%, which eorrespeada'to R aecrease in volume slightly greater than
10%.

%hon however the cerium was slowly ccoléd at about 50° per hour from
500° Csy or even from 200° Csy to room temperature, then upon gooling it to
the temperature of liquid nitrogen they'obtained a ourve similar\ié the one
shown in Figurelao This time there was’g smaller change in density at 108° Koy
but the curve was not reproducible. Sucvessive cooling and heating cycles

“between room temperature and 1iquid‘nitrogen canéinuously gontracted thé
nysteresis loop until &iﬁh the sixth cyéla the réproéueihlé eurve "B in
Figure 4 was obtained. This figure best summarizes how quenched and an-

nealed cerium underge different dilatometrie changes at 10%° K.

The behavior of annealed cerium at 150° O« is alse curious. It cone

tracts when heated past thie teaperattré. Trombe reports that this is the
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The thermal expansion coefficient
of quenched cerium
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Figure 2
The magnetic susceptibility of guenched cerium

Frgure Jrom Hun chim, 19, 37 ((TYY)
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Figure 3
The thermal expansion coefficient of annealed cerium
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Figure 4

Upper curve: dilatometric changes upon the sixth cooling of
annealed cerium to =-195° followed by heating to 400° C,
Iower curve: dilatometric changes in quenche& cerium

Figure from Hnn chim, 19, Y28 (/99%)
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The electrical resistance of annealed (B) and quenched (y)
cerium
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A magnetic susceptibility study by LaBlanchetais of annealed
(B) and quenched (y) cerium. The course of the curve a in-
dicates a new strueture.

Figure from  Compt rend, 220, 392 (/975)
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critical'temperature from which by ¢ooling or guenmching one can get cerium
with either of two different properﬁ;ea. |
The differsnce between annealéd and quenched cerium is 2lso shown by
the sleetirical resistivity curve, Figure 5. Quenchsd cerium undergoes a
great increase zn eonductivity at 108° K.
*igure 6 is an 1ndepandent magnstie stndy of the two kinds of cerzum
(14). |
?rambé concluded from these results ihat he was dealing with three
allatrépic forms of cerium as follows:
(1) They form is stable above 150° C., but it can be brought to
room temperatdre by quenghing. A newly cast piece of cerium is apt to be
ig this form. | |
{2) The a form is ohtained at 109° K. from v ceriug. Cnce formed
it is stable ugto 165 Ko, where it reverts to the vy forms They -0 {ransie
tion is‘acaompanie& by & decrease in volume of 10%.
{(3) The :Bform is stable at room tem?araﬁure. .If.is obtained by
slowly cooiing ¥ cerium from 135° G. Should the transition to B cerium
not be ceuplete when room temperature is reached, it cen be made so by
subjecting the sample to cycles of slow gooling and heating ﬁetween liquid
nitrogen and room temperature. Thebtransiiiom B<= a do not take piaoe.
Additioﬁal observations by Téo@be and o#her French workers which will
be referred to are the following: -
ae If the cerium is pure, then the v form can be kept at room
tenperature at least a yeaf, ahd upon cooling it will give the @ férm {8).
be The most effective way of'prodécingyr cerium is to queﬁch it

from 425° C. with liquid nitrogen. (8).



i3

¢+ A commereial specimen of cerium containing 0.22% Fe, 0415% Ca,
andlo.oeﬂ Al, when: put into they form, c¢changed apontaneousl& in 5 months
to the B form (15). N '

de The contraction of quenched cerium at 109° K. was decreased by
-magnesium‘gnd disappearsed ent;rely when the magnesium content reached 14
(16).

Trombe has not determined the structure of o, ﬁ; or ;Yoerium.
However, as I have desqribed earlier, after cohparing their densities with
those of Hull's two structures, he agsumed that.f cerium has the hexagonal
closesi—packsd structure and that y éerium hasg the.face-centered cubic stfuc-
ture. }This assumption ;ia all the more reasonavle because Klemm and Bom=
mer (S)sfouﬁd fromvtﬁeirvowh X;ray diffraction work that the cerium which
bshowed a mé&natie anemalx'ét low temperature was faeeﬁqentered cubic at

 room temperatures

2 l#vésﬁigatian of the Structure at Low Temperatures.

-Te determine the structufe of g c;rium an apparatus for cooling the
sample was. built similar to the one described by ﬁuﬁe-ﬂothery and Strawe
bridge (17}, I%t cooled the sample bj blowing over it the vapor from voiling

liquid air. A eketeh of it is shown in Figure 7. Tﬂs lowest operating -
temperature that gﬁuld be reached with i£ was 109° K., which~is just the
temperatﬁre at which the v - ¢ transition takes place.
funs were made on two different éamples, but no alluﬁ;opic changes
were found. The diffraction 1ine§r;mained sharp, and within the limits

of my measurements only one of the samples showed a slight contraction .
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Vapor from ligquid air

Three concentric

;5555559'ce110phane tubes

Cerium powder

N

; N
chite P

Brass //.

\

u,/
Uld klectrical
% \Qt - heater
A =
O OO0
Figure 7

An apparatus for cooling a powder specimen tc low
temperatures for X-ray diffraction

/Liquid air

Cellophane tube

A=-rays

L LLLL

Figure 8

Another apperatus for cooling :a powder specimen to
low temperatures for X-ray diffraction
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at 109° XK. The results are given here.

Sazple 8, - Temperature
J=1 ' 5.137 Kxo. Aoom temperature
Je2 | 5.123 10¢° K.

Pel 5,132 Room temperat&re
Pe2 5.134 : 109° K.

P=3 _ 54143 Room tempersture

The decresse in the density of cerium at room tempsrature after
having been cooled to 109o K. which is shown by sample P-3 has already
been observed by Trombe and is illustrated in Figure 3. Sample J was
quenched from 300° and P from 340° Ca In each case it required an hour
torreach 109° X. from room temperature.

For a temperaturs s low as -1000 C. this apperatus is very ef=
ficient and I recommend it highly. GHowever, I found if very difficult to
reach and nold 106° K. Therefore, I built a different spparatus. 1t was
a small lucite cup in the center of which the glags tube containing tihe
sample was crected. 4 continuous stream of liquid air was allcved to flow
down over tie smuple tubs and fill and overflow the cup .

Three samples, one of them annealed, were photographed. Hone
gsnowed & change, and as before the diffraction lines remained saarp,

Next a piece‘of tiie original casting was remelied under vacuum,
During the remelting a mirror formed on the cold part of the-éypar&tus sbove
the melit. A speciregraphic anal&ais ghowed the mirror to be calcium and
magnesiume.

Low-temparat&re photégraphé‘of specimens from the remelted casting

wers takene For the first time evidence of some change was found. Host of
¥
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the diffraction lines of the old cubic structure had disappeared. The 6nly
reflections still definitely present were 220 aad 311, but their inter=
planar spacings had increaséd slightly. The 511 and 531 reflections may
also havs been present but it was hard to tell because of the many dife
fraction lines from ice tﬁat were present. Hven if they wers counted as
pregsent there wers still nine rgflections missing. On a photograph taken
at room temperature immediately afterwards the lines were diffuse and weak.
¥ith subsequent photographs I'continueﬁ t0 have trouble with ice. I there=
fore devised another method of taking a lowetemperature photographe.

In this lest and successful method the entire sample tube was
.placed inside n coiumn of liquid air, and the photographs were taken with
the X-rays paseoing tarcugh the column. The arrangement is shown in Figure
8. A continuous siream of liquid air kept the cellophane tube full, and
“the overflow washed tkre outside free of ice; Since the X-rays had to pass
through 3 mme. of liquid air it wae necessary to use molybdenum radiation.

For the investigation by this method & sample T from the remelted
cagting was guenchad from 300° G. The first low temperature photograph,
T=3, showed tnat at last I had 2 new sgiructure. A print from if ig shown
in Figuré 3 along with prints from a room temperature photograph and ane
other lowetemperature photograph.

They clearly shog that a chunge has taken place at tne lower temper-
ature. To make sure thﬁt the ne% diffraction lines are not due to ice,
c¢ellophane, or some condition of the experiment I ran a blank and this
photograph had no diffraction lines. ¥hen I indexed the lines I found that

the cerium is a mixture of the old and new stiructures. The new structure

ig also face-centered ¢ubvic but tue size of the unit cell is smaller. The
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Fipure 9

X-ray diffraction photographs of cerium powder,

T-2 was taken at room temperature, T-5 and T-9
at the temperature of liquid air. The diffrac-
tion lines of two coexisting structures aprear
in the low-temperature photographs,
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printe do not show detuil as well as the negatives, but in T=9 the lines

of the old structure are relatively sironger with respsct to those of the
new structure than they are in T=3. Now in taking T~3 the sample was
cooled for the first time with liquid air and for ths fourth time when take
ing T~%. Thus it can be seen that' repeated cooling with liquid eir favors
the retention of the old structure.

Tables 3 and 4 give the interplanar spacings and the indices of the
lines of T=3 and T=%. Anotier photegraph, T«7, also showing the nsw struce
ture is not included becsmuse it does not give any additional information.

%ith the cell edge of the old structurs egual t¢ 5.14 Kx. and that

of the new equal to 4.82 Kx. the decrease in volume is 17.54/.

3. Discussion of the Leow=Temperature Ferm of Cerium.

I obtainsed the new dense forma only after the cerid@ haed pbesn re=~
melted and the magnesium ahd calciﬁm sublimed. Hann (16) has sihown that
magnesium innibits thne trensition to the a form. Hubl appareatly the pre-
requisits for the phase tranaitlion in pure ceriws ig that tne specimen be
strained, as for example by quencning. Tnan.upon cooliay with liguid wir
the atraing are increased and tne bransition taxes place. L1t i1s sirains
which cause P and vy cerium to nave different properties. They do nol aave
different structu}as, as 1 unave proved by wmuny Jeray diifraction experi=-
mentse. e recall an observation by Tromve thal ihs tr&ﬁsition at 10¢° K.
is abtained‘most sasily when the saaple is quencned fros 425° Co with liqgid
nitregen. On ihe olner haad, he also reports and I ikave fovund suat re-
peated cooling with liquid air, which is a form of aunealing, innlbits
this transition. |

The metal at 109° Ke is a mixture of the ¢ld and new structures.
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Table 3

Indices of the Diffraction Lines on Photo T=3

0ld Structure New 8Structure
Line Intensity | d hk? a hk% a,
‘ hk? =
1 Str 2.76 111 4,780 Xx.
2 Str 2440 | 200 44800
3 Strewide 1.813 220 5.128 Kx..
4 Strewide 1.703 220 40817
5 strewide 1.569 311 5,38
6 Strewide 1,457 311 4.832
7 Tkewide 1.396 222 4.836
8 Very ¥k b
G Vary %k % i
10 I 1.106 - 331 4.821
11wk 1,077 . 420 4.816
12 Btrewide 0,986 511 5.123 425 4,830
13 . iegide " 0.927 511 40817
14 Strewide 0860 531 5,088
15 Strewide 0.812 620 50135 531 4.803
16 V. Wkewide 772 622 5.121
7 . Wk 3
S _ <:7;1 4.806
18 Mewide D673 640 44853
19 Ve WK 0.644 542 4.819
20 Wk 0.628 | - 731 4.824

" Average% 5,117 Kx. ~ 4,823 Kx.

w G W oz e e W @ P W E e ap wm G G am M W fR SR B 4B W BB S us W es @ W W em o m e ™

#1In both cases the first two reflections ars not included in the average.
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Table 4

0ld Structure

hk?

Hoew Structure

hk?

Intensity dhk% a, a,
1 V. Str 2.755 111 4,770 Kx.
2 str 2,408 200 4,816
3 V. Str 1.826 220 5,165 Kxo
4 v. str 1.699 | | 220 4.810
5 Vo Str 1.546 311 5.128
6 Ve 3tr 1.457 311 4.832
7 ik 1.392 222 4.822
8 $tr-wide 14171 331 5.104
"9 Strewide 1.142 420 54107
10 wk 1.105 331 4.817
11 vk 1.077 420 4.816
12 Str 0,983 511 54109 432 4,817
13 u 0.929 511 4.827
14 Str. Dbl 0.864 531 5.111
15 %. Dblt? 0.813 620 5.142 531 4.810
16 Tke Dbl$? 0.776 622 5.147
17 ¥ke  Dblts 0.720 711 5.142
| ‘ 711 4,796
18 M.  Dolt 04671 640 4,839
19 Vo ik 0.645 642 4.827
20 Wk 0627 731 4.816
Average®* 5.124 Kx. ‘ 4,818 Kx.

average.

W e W M W O R W M W W EE Gw W G W O T aser W s g B e T o ™
i 5

#In both cases the first two reflections are not included in the
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The overall decrease in volume of 10% observed by Troabe meané shat in
his specimeﬁ 45% of the old atrucﬁure was present.

| In the new stru;ture the 4f eléctrmn has probably moved up to hye
bridized 5d 63 orbitals %o take part in bond formation. The cerium is
then quadrivalent. The cell edge 0f 4.82 Kx. represents, as a {irst
approximation, & single=~bond radius of 1.56 Kx. This is in good agrec=
ment with the value 1.50 Kx. for quadrivalent cerium obitained from
Peuling's paper (18).

LaBlanchetais (14) ob@ained 2.3;.1',B for tae magnefic momeant of the
dans; form and 2¢35:5 for the quenched cerium. This corresponds to 157
quadrivalént'eerium in her sample, if we take 0 and 2456;@ as the mage
netic moments of quadrivalent and tervalent cerium respectively.

Since tnis study was completed'Lawaon aﬁd Tang (19) have succesdsd
in obtaining the same dense form by applying a pressure of 15,000 aie
mogpheres 0 the ceriume The latticse constant they obtained is

4.8¢ 7 .03 2.

>
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PART I

THE STRUCTURE OF UREA CXALATE
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b THE TRUQTURE OF URBA OXALATE
'Introduction

Urea oxalate, 2GO(NH2)2'(COOH)2, is an organic salt with ten hye
drogen atoma. One may expect that in its structure many of the hydrogen
atoms if not all will be used in fbrming hydrogen bonds. Since nitrogen
and oxygen atoms would be involved a variety of such bonds are possible.
Moreover, it is known that the.carbonyl Bxygen of urea hag through resone
ance a negative formal charge (20). The role of this atom in the forma=-
tion of the salt andﬁihe structure‘is then of interest. In view of tnese
considerations Professor J. H. Sturdivant suggested the investigation of
the structure of this compounde

1. Historical

Groth (21) reported that urea oxalate ¢rystallizes in the monoclinic
prismatic class with AjiAgily = 0.4106:1:0.9309, and B = 143°6*. Lone-
dale (22) found ¢hat the space group is P 2)/c, and that the size of the
unit cell is 4 = 5.08 R., &, = 12.42 2., Ay = 11.54 f., with B = 142°
56°. GShe also found that there are twc molecules per unit cell.*

According to Gaubert {23) the indices of refraction for the U lines
of sodium are:

o =1.3885, B =1.6116, v = 1.6163
The acute bisectrix y is perpendicular to (100), and the obtuse bisectrix
y is paresllel to Age I have confirmed this optical orientation. The

@ @ e M s ap W W 5 Sl W S W M 3 TR M D W W T3 G 4 @ OB P D B v e e @ e 4 - o e

#*The crystal axes I use are different from the ones in the literature,
I have here and later couverted the data reported by others into the values
they would have with my axes. If the sxes found in the literature are
called.a, b, and g, thehtransfnrmation equations are 43¢, #4p=Dh, and
by = ~g=2¢. Thus the (201) face in the notation of Groth and Lonsdale is
the (100) face in my system.
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orientation and the large negative birefringence of -0.228 indicate a layer
atructure parallel to (100).

' Lonédale {22) found the direction of saximum magnatic susceptibility
to bs nofmgl to (100). She also reporied that in X-ray diffraction photo=-
graphs the 100 reflection was the most intense ovserved, and further that on
auitgbly eriented Laue photographs the 140 faflaction is accampanied by an
elongated diffuse spot which is directed norwal to thisiface. The size and
direction of the diffuse spot along with other considerations led her also
to predict a layer structure with the molecu%es lying’parallel to (100)
énd linked together with hydrogen bonds. ’

2. COCrystallography and Bpaee/Group

I obiained ufea oxalate crysials by evaporatiag at éaém tenperature a
water solutipn of oxalic acia’and urea in which the urea wa in 5% excess.
The crystals 1 cbtained had one of two habits. In the rarer habit,

Figure 10, ths crystal was slongated along &l' the short axis, and bounded
by {010y fii}, and {021}, with the ends terminated by {103 {12}, and
(}Od}g These crystals were about one millimeter long.

In the more common habit laths grew parallel to (010} as long as one
centimeter ih the &3 direction and two millimeters in the & direction. The
sides of the laths were bounded by {100} and the ends terminated by {bll}
and {b?i} « Twinning along (100) was very frequent.

lThe ¢rys%als cleaved aﬁd slipped very easily parallel to {100},
Needles brépared-by cieaving bent easily in the B; direction.

l‘deﬁarmined the luttice constants with & camera which I had pre-

viously calibraied with sodium c¢hloride. First I took well exposed roe

tation photographs about the three axes to establish the ldentity distances.
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Then I took oscillation photographs of the orders of h00; 0kO and 004 3 and
of the 404 and 2+0°10 reflections. To obtain reflections at largs angles

I used the K& radiations of iron and copper. The wavelengths used are givea

in Table 5.
. Table 5
Wavelengths
. . %
qu haz (44
_ 0 0 0
Fe 1.93579 A. 1.93991 A, 1.9373 A
Gu 1.54050 1.54434 1.5418
Ko 0.70926 0.71354  0.7107

The ealculation for each axis was made graphically (24) by plotting
for example é’sl ein@ from different orders and wavelengihis against tue

: R .
Nelson and Riley function (25), %(E@émg + QQ%EQ}, end extrapolating to
© 8in
8 =90°%, After Rl sin B end As ein B were known, and hence the leagins of
the veciprocal vectors By and By, the value of cos B was fwice deternined by

solving in the reciprocal lattice each of the triangles foried by ihe vectors

b _, 45, and ~4B_; and h_
S L M B B T

were then plotited againgt the MHelson and Riley function and the sxtrapols

9 -2@1, and 10B;. The two values of cosj

atéd value of cos B at @ =90° was taken as the true value. The coll dimene
sions I found are B =143%1', Ay = 5.148 Z., A, = 12.404 g., and A, =11.576€ gog
with a limit of error of .005 R.

The density (2<) of urea oxalate is 1.586 gm./cm.3 and the molscular
weight iz 210.15. These data give 2.0l formula weights per unit esil.

H Welssenberg photographs were taken about the three axes with copper

radiation and sgain about the &1 axis with molybdenum radiatione Wwith some
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Figure 11

A Laue photograph of urea oxalate taken with the bean
parallel to Az. The radiaticn waz from a tungsten tar-
get at 52 kv. pesk.

Figure 12

A zereo-leayer Weissenberg photograph of the [100] zone
of urea oxalate. The photograph was taken with copper
K radiation.
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crystals a faint reflection at the position of 0°15<0 was noticed. On an
overoxposed diffraction photograph of such a crystal I found that although

this reflection occurs at an angle where the g, and g, peaks of olher maxima

. 1 2
are distinctly separated there was only ons spot and that very diffuss. I
therefofe concluded that this was not a Bragg but a diffuse reflection,
Other than this I found for the first 40 orders that OkO was present only when
k was even. I also found hO® present only when £ was even. All other
classes of reflections were observed. Pyroelectric tests with liquid air,
which wers éontrolled by tests on resorcinol, which is not clentrosymmetric9
gave no evidénce that urea oxaléts lacks a center of symmetry. Furthermore,
all wall-formed crystals appearsed to have a center of gymmetry, and the face
de?elopmeht of some of them showed the symmetry 2/m. This symmetry was also
shown by lLaue photograpns. In view of all these.consideratioms the spacse

group F 21/0 reported by Lonsdale was acce@ted.

3. The Determination of the Structure.
The space group P Zl/c has the following sets of special and general
positions:
(a) (000) (0%%) (o) (200} (g5%)
(e) (005) (0}0) (@) (508) (u20)
(e) £ (x,y,2)3 F (x,b~y, ¥ +32).
The special positions are at centers of symmeiry.
3ince tnere are only two moleculeaAper unit cell, their centers must
occupy a set of special positions; consequently the mélebules imust havs a
cenfar of symmetry. If we neglect the hydrogens, we need to locate seven

atoms: =COOH-OC(NHg)5. The determination of the structure is thus a

21l-parameter problem.
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We have seen how the optical and magnetic properties, the clsavage,
and the size and direction of the diffuse spot associated with the 100 re-
fleotion indicate that all atoms lie in & plane parallel to (100}. This is
further supported by the observation that the first five orders of {100)
show a Aormal decline. The fifth, sixth, seventh, and eighth orders, ail
which were brought into position to reflect with molybdenum K @ radiationm,
were avgent. I therefore proceeded with the assumption that thé two molecules
have their centers at (000) and (055) and that the atoms lie in the (100)
plane. |

Te find the disposition of the atoms in this plane a two-diwensional
Fourier projection along Ay was decided upon. This projection is computed

from the equation

z k &
€ (0yz) A = 42 Z F. . cos 27 ky*cos 21€z = 40 D F  sin 27 Kyesin2m R,
OkR 0k%®
0 0 0 0
k+ £ even k* ? odd

where Af(Dyz) is the electfon density per unit projected area and A is the
grojected area Aghgzsin § . For thevooefficients FOké one uses the experi-
mentally observed structure factors (Fobs)okg « The next step then was to
measure ¥ wvaluss.

A crystal was ground to a cylinder 0.3 mm. in diameter with its axis
along Ay 4 zero-layer %eissenberg, photograph was taken with copper radie
ation and with four sup;rimposed films in the camsra. The intensiiiss of ithe

Ck€ refleciions were then’estimated by the usual multiple film technique
(26). It wus assumed that the decrease in blackening of a given reflection
‘between two successive {ilms corfeSponded to a decrease in intensity by a

" factor of 3.7. The intensities were divided by the Lorentz and polari-
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1+ 60s°26 : .
zation factors, cin 28 * ° obtain values of (Foba) « As desc¢ribed later

the observed F's were éubsequently modified by a factor which placed them on
an absolute scale. No absorption'or extinction corrections were made. The
_ linear absorption coefficient tisnes the radius for & 0.3 am. eylinder is
0+R225. The absorption thersfore isllow and uniform at all angles and ean be
. included in the scale factor.

To obiain more strueture factors another set of multiple film photo=
graphs were taken ;ith a cylinder 0.33 mm. in diameter and molybdenum rgdic
ation. The films were interleaved with oopber sheets 04001 inch thick.

Cnly fourteen additional reflections were observed with polybdenum rédi-
ation. Many weak reflections that could still be seen on the photcgraph taken
with copper were absent here. Of the additional reflecliions, many were so
weak'they ¢ould barely be seen. I found that their intensities could best be
estimated by comparing them with other spsts that were common to the two sets
of photograpnse. The difference in the Lorentz factor iﬁ-the two cases was
taken inte account.

It was next necessary to find é trial structure from which to calculate
the signs of the observed F's. A Patterson projection aloang A; pave no ine-
formation. I then took advantage of the fact that the structures of urea {27)
and oxalic acid (28) are known.

Paper models of these molecules were arranged witﬁin the outlines of
the unit (100) face. In this I was guided by the space group and the obe
servation that tne 0.12.0 and Q.11.4 éeflections are usually strong. Two
possible trial structures were found: one with the long axis of oxalic acidi
28° from the Ag axls, and the other with the oxalic acid making the samne angle
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I then calculated the gtructure factors for sach of the two positioﬁs. For
the aﬁo&ic sca%tering factors fJ I uged the velues for §, N, and ¢ given
in "The International Tables for the Determination of Crystal Structurss®o
Now in the two orientations the carbon atoums of oxalic acid had different
locations but the exygehs and the atoms of urea had nearly tns same posie
tions. As a result Ivfound that between the two oricntations the calculated
F's might differ greatly, but that at low angles of reflection only a fsw
of them had o@pcsite signs. Nelther set of calculatea F's agreed very well
with the observed one, but oh the whole one gould sse that when thie observed
gtructure factors were high or low the calculated ones wers likewise hign or
low. %hen I tried to improve the agreement by elightly shifting the atoms,
I saw that here again the maénitudes of the calculated F's mighit change, but
that very few of them changed their sigas. ,

I therefore decided to make & preliminary Fourier projection. iven
if the signs for the observed F°$ vere obtained from the wrong trial struce
turé,-énly a few of them could‘be wrong, énd one might still expect the
projection t¢ give positive informationo

I chose the orientation of the oxalic acid along &, as the trial siruce
turs from which to calculate the signs of the F's. O{nly the structure fact-
ors from reflections whose Dragg angle is less thanm éso'were used. J4meong
these, thése thet agreed poorly with the calculated ones and those of whose
signs I Qas otherwise uncertain were left out. Fortyenine terms remained
with whiéh to make the first Fourier projection.

The projection was calculated on an Iéﬁ machine at intervals in y and g
of 1/60th of the cell edges (29).

The projection ghowed the pesitibn of six of the s even atoms in the

asymmetric unit. The peak for the carbon in oxelic ‘acid was absent. It was
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expedfed that if would show kp when more terams were used in the Fourier
geries. fLccordingly, f;om the position of the six'peaks and the assumed posi-
tion of this carbon atomvths gigns were calculated to a greater angular
)
range of reflections. In this projection the peak for this atom was still
ebsent, and ir another ome madewith still more terms the peaks I mlready
had began to disappear.
‘ I therefore began all over with the oxalic acid oriented aloang AS .
the trial Qtructure. Agein the first projection was mads with obgerved
F;s from planeg whose angles of reflecgtion were below 45%, 1t showed all
seven peaks. From ﬁheir~positions the signs for additicnal structure factors
were found and another projection was made. The peaks in this projection
weré well encugh resclved to enable me tu ;alcnl&te the signs of =ll the
structurs factbrs obtained with copper radiation. At the same time I de~
termined a tentative scals factor with which to put the obgerved F's on an
‘absolute scale. This permitted me also to use the thesretical value of
FOOO in the next projection. . |
This projection was made with date from 102 reflections,; all that I
had from copper radiation. The peaks were round and well resolveds The
signs of the siructure factors calculuted from their positions egreed with
the signs used to make the projection. Thus the series had converged.
Kevertheless, it was decided to comtinue with another projection
in which the fourteen edditional structure factors obtained with molybdenhm
radiation wers used. I
This prpjection’is shown in Figure 13. It is fﬁllo%ed by the drowe
ing Figure 14 which shows the‘projection of the atoms onto the (100} plane.

The hydroxy oxygen is Og.
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The Fourier projlsction has no false peaks nor sinks. The pesks are
not guite so round as those in the projection made with_dopper data onl .
Twelve of the fourteen additional structufa factors which had been intro-
duced were from planes whose k indices ranged from 16 to 20 and % indices
from O to 3. Taey sharpened the peaks more in the Az diréction tnan along
iz and thus left them slightly ellipticel.

I now determined the fina; values of the temperature factor and the
scale factor to put the data on an absoluts basis. Letting

in @
2

o

:

I used the eqguation

_ =484
kP e Fonle

obs
This upon rearranging and taking logarithms becomes

in ¥ = «4BH%-1n k.

_ . obs/Fcale
One couid then get ln k and B from the_intercept and slope of the straigat
line obtained in plotting 1In Fohs/?calc against a. Actually I solved for
them analytically by the method of least squares. For B I got 1l.6& 32.

- 8ince the structure is & planar one it is likely thal ine thermal vibra-
tions are anisotropic. Therefors, this velue of B is pfdbably gorrect only
for the [10@] ZOnBSe

Tgble 7 lists the values of Fob and Fooq, for this zone. The temper=

s
ature correciion is inecluded in each Fonle* BExcept for (020) the agreement
ig very gocd. I believe the inteunsity of the reflection from this plane was

low because of secondary extinction. If this and absent reflections are

excluded

Z“ ii‘ob&z| - IFcals‘,
E:IFobﬂ

= 0.133.
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%hen oniy'the data f-om copper radiation are used the fraction is 0.128.
I believe the latter figure is more representative of my work, because the
moliybdenun reflections were weak and hard to estimate.
The carbonyl oxygen of uree was distinguished from the nitrogen
atons bf the heights of the peaks in the Fourier projectiom. This is shoén
in Table 6. |
Table 6

Electron Densities at the Centers of the Fourier Peaks

Atom Electrons/g2
6 » 10,0
Cr1 ‘ 9.7
Hy 10.0 \
%II 10.7
01 . 12.3
017 11.8
0111 o 12.3

%e see that the atom which is identified as 0111 has one of the
highest densities in the projeection. 411 nitrogen atoms have definitely

lower densities than the oxygen atoms. The identity of the atom at 0O;y

Pd

can also be deduced from the structure.
Up to no% I had assumed tﬁat all atoms lie in the {100) plane and
that a1l x paremeters were therefore ze;o. This assuaption wasg now examined
more ¢ritically. The structure factor for hk0Q reflections when k is odd is
F = 43¢

neo 3 9
‘This equation shows that if x were zere for all atoms then the entire claas

ein 27w hx+sin 27 ky.

of hkO refleetions with k odd would vanish. Weissenberg photographs showed

that this was not the case, and I therefore procesded to find the x coordinates.
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Figure 13 shows that a Fourier projection along 4, or A, would not

2 3
give resolved peaks. HNevertheless, in the hope of getting some information
I made a projection along As. It gave back no more information than was
ysed to make it, and so was not considered furthers

I was more successful when I first estimated the positions of the
atoms end then shifted them so as to bring the structure factors for the
hkQ reflections into agreement. I followed this by making a Fourier pro=--
jection elong the [idﬂ zone.* This zone makes only a 22° angle with
the (100) face; theref&re the pesks for Cyy and Nyp were not resolved, and
the position of CI was uncertain. However, the peaks for NI and the thres
oxygen atoms were quite distinct, and by comparing this projection with
that along Al I was able to get the x parameters of these atoms. The x co=-
ordinateé of the NII and the two carbon atoms I then reestimated from the
molecular structures and the structure factors.

In fractions of the cell edges the positions of the seven atoms in the

agymmetric unit are:

Atom X y 2z

CI .018 <027 0948 .
CII 020 «368 .‘127
Ny <010 . +288 «199
»NII .010 0349 012
Oy «006 .038 «150
0y1 <085 0125 . 961
O111 »038 «465 «168

*4 prdjéction along this direction was suggested to me by Dr. Failip
Vaughen. I was aseisted in making it by Prof. Lynne L. Merriti, Jr.
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I believe the y and z ccordinates mre correct within .02 gc and the
. . 3.9 o ' o » .
x coordinates within 06 A. The refinemeni of the X coordinates is the ob-

jest of a continuing investigation.

4. Discussion.

Some features of the structure are already wsll established. Those
which are subject to change upoﬁ further refinaﬁent of the parameters I
shall indicete during the discussion.

The structure is a layer one with the atoms almosf lying in a plane
which is parallel to {(100)}. The layers are 3.085 2. apart. The lower of
two succegsive layers is tranélated-in the AE direction by 0.35 A3 or
4.11 g. The layers are held together by van der Waals forces.

Within a layer the molecules are held together by hydrogen bonds,
aﬁd all hydrogen atoms are used in\bpnd formation. There is no distinct
urea oxalate m?lecule. Rather, the structure is a vast network of urea and
oxalic acid moleculssg. \

The planes of the oxalic acid molecule and of the urea molecule are
slightly tipped with respect to each other and to the (100) fzce. The
plane of the oxalic acid at the origin of ocoordinates, Figure 14, makes an
angle of 9° with (100) and its normal makes an angle of 82° with minus 4 .
0f the orientation of fhe plane of the -urea molecule I am more uunceritain.
With the present set of parameters the urea molecuie that is laveled in the
figure makei?angle of 2° with (160) and the normel makes ap angle of ga’
with minus Bye |

In oxalic acid the distances are C=-C = 1.49, Cp=07 = 1.32,

Cr=8y1 =1.2¢ 3.; and the 0«C~0 angle is 122°, Although the paramsters need

more refinement, the present values of the distances agree well with those
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found for Heasetylglycine by Carpenter and Dononue (3C). They got
and l.31 20 for the G0 distances and 124" for the 0=G=0 éngie. Their de~
termination of the coafiguration of the carboxyl group is, I belisve, the
most accurate that has yet been made. In urea oxalate the two different
G<0 distances show that there 13 no oxalate ion present.

within the urea molecule the distances are CII'NI 5‘1.32,

_ G
Grg=Myy = 1.31, and Cyp=Oppy = 1427 Ae The N-G-N angle is 121°. In the
structurs of uree itself the C-N distances were reported {27} as 1.37 K.

5 .
and the C=0 digtance as 1.25 A. Ths Ne(=N angle was given as 1307

The lengths of the hydrogen bonds are:

EI"‘H‘ 'OI + 315 Xo
NI"H’ °011 2094
NII"H' OOII 2093
O3=H<*011I 2047

Q ; .
The OI~H-°OIIIdistance of 2.47 4. ig shorter than any that have Desn

reported. Unfortunately, thse direction of this bond is slmost along A39
which makss its longth very sensitive to the x coordinates of tas ateus.
It mpy be thet after more refined analysis this distance will have 1o be

roevised upwards, but from my experience with this structure I believe that
‘ 0
it will never reach tihe value of 2.54 a. found in potassium dihydregen

phosphate. The length of a gimilar bond in Neascetylglycine is 2.%6 2.

5. Future Work.
Although the structure of urea oxalate is now known, more sxact
valuss of the hydrogen bond distances are of equal interest. To determine

them as well as they can be, three-dimensional analyses have been undere
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taken. The continued investigation may also yield a bebtter determination
of the configuration of oxalic acid. In spite of numerous papers the
structure of oxalic acid has not yet been satisfactbrily'determined.

Toward making three-dimensional analyses photographs have been taken
about the'Al axis up to the third layer with copper K 0, and up to the
fifth layer with molybdenum K o radiation. Another set of Weissenberg photo-
graphs have been taken about the Aq axis up to the seventh layer with
copper X  ragiation. Nearly sall the intensities of the mexima in the

' photographs about the.Al axis have besen estimateds
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Teble 7

Uresa Oxalate, Calculated and Observed Structure

Factors of Ok Reflections

 Ok® F F Ok2

cals obs Feale - Fobs
002 16.8 1509 040 «1.50 3.4
G604 -2.4 3.5 041 ~12.9 14.2
006 21.7 15.7 ' 042 =375 379
008 “242 <1.6 - 043 3.4 4.6
E , 044 ~12.9 10.6
0ll - 15.8 13.6 045 4.6 5.8
012 »3%.9 ! 25.7 046 3.4 243
013 16.0  13.5. 047 11 1.5
014 21.8 2045 048 «3.3 8.3
015 ~6.6 4.7 ,
016 '302 405 051 -7-6 707
017 ~4e4 4.1 052 ~21.4 2147
; _ 053 1.4 <1.5
020 40.0 261 054 18.2 19.3
021 32.4 . 35.0 055 «13.0 10.4
022 0-5_ <loo 056 ’104 <100
023  17.8 18.0 057 4.4 3T
024 «18.7 ' 15.7 058 =4.3 1.9
025 10.6  B.8 :
026 6.7 5.0 060 23.1 24.1
0217 + 940 5.5 061 4.5 549
028 2.4 2.6 062 11.1 11.5
063 ’18.2 1709
031 28.4 283 064 2.7 2.4
032 ‘1400' 1201 065 100 3.2
033 -301 202 066 502 4.2
034 15.2 15.0 067 4.4 4.3
035 2.2 <1.8
036 1608 1403 071 ’0-2 <105
037 4.4 3.9 072 «20.9 18-6
038 “30& 109 073 ‘2.2 <1'8
074 2.6 12.5
075 5.2 5.4
076 =0.4 <l.9
077 ’10-5 900

- e = e -
-—--—-.—--‘———---—-—-—----—--—---

fAll data are on absolute scaleo
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Tabls 8

Absolute Value of (bserved Structure Fagtors for hk0 Reflections.
Gopper K ¢ Radiation

. nkO 7

obs = *obs
320 28.7 160 16.8
040 . 3.1 260 8.0
060 25.7 360 3.6
080 1644 |
0.10.0 13.7 170 0
4008 - B8l.0 1180 10.1
- 200 . B89.3 280 5.3
300 12.86 380 1.9
110 1341 190 6.3
120 24.2 1.10.0 10.9
220 10.9 2.10.0 7.6
320 ; 4-3 3010'0 208
130 12.2 1.11.0 402
230 9.3 2.11.0 . 4.6
330 4.2
' 1.12.0 20.9
140 3.5 2:12.0 10.8
240 3.l
340 1.5 1.13.0 1.9
) 2.13.0 2.0

© 2
© 250 0 ' 1414.0 2.7
: 350 0
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PROPOSITIONS

The eobalt carbide, Go,C, discovered by Hofer and Poebles (})

has an orthornombic unit cell with a = 8.66 A, b = 4.66 ., and

; 0 ‘ i .
e = 4.84‘5; There are eight formula weights per unit o8ll. -

The A or high-temperature modification of oerium seaquiOdee, 03203,'

can be formed at 500 G. and not, as believed (2), (3) only above

1000%C. ‘

The van Arkel methed (4) is the most promising one of preparing
europlum metal for X-ray diffraction studies.

It would ‘be worth while to determine the structure of urea nxtrate.
One can expect to find an even shorter O-H<0 distance than was found
in urea oxalate. |

The assignment of three different atomic heat oapacities to nitrogen
by Satch and Sagobe-(s) is based u?on unsound reasoning and upoA nege=
lect of the contribution of hydrogen ponds to the energy of a struc~
ture. | |

The continuous series of\solid solutions formed by nickel anﬁAcoéper
are fréq&ently cited as proof of the validity of the rules goveraing

the formation of solid solutions in metals (&), (7). By the same rules

- one can expect cobalt and copper %o form a like series of solid solu~

tiongse. By all methods that have been tried only a limited solubility in
the solid as well as the liquid state has been found (8), (8), (10),
(ll).' It ie proposed that the preparation of solid solutions of cobalt
gnd coéper be attempted by the van Arkel metihod.

In the Fourier projectichs of the structure of AlClB made by‘Ketelaar,

HacGillavry, an& Renes (12) the "ghost™ peake indicate either a dis-

order in the positions of the Al atome among the octahedral holes or
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that the identity distances have been incorrectly determined. Con-
trary to what the authors report the peaks are not false and a re-
sult of the use of twinned crystals in the structure determination.
Quadrivalént cerium metal, which does not have a 4f eleectron,
should alsoc show changes in the M and N Xeray spectra (13) as

well as in the maghetic.auscEptibility and electrical raaistivity.
The dipole momentq calouléted for diethyl sulfite;, triethyl phos-

phate, and tetraethyl silicate by Svirbely and Lander (14} do not

" agree with,théif models. ‘A recalculation of the dipole moments

from their modelg is given below

\

Galoulated Recalculated
Sand L ‘
x 10%® - x10%®
méthyl sulfite , 3.09 | 313
Tristhyl phosphats 3.03 252
Tetraethyl silicate 1.78 | 2.07 .

,
Bancroft (15) reporteé that the sulfitg-sulféte cell is‘a sémi-
reversible one. The oxidation of the sulfite proceeda'reveymi-
bly,~but the reduction of ths suifate is irreversible. He re-
ported that the.potential of the cell can'be computed. from the
equation

E= oF In P x By,
3

in spite of the fact that he also observed that it showed a strong
depéendence on the hydrogen ion coneentration. He found the elec-

trode potential to be independent of the sulfuteconcentfation.
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10 egontid, _
I propose that the cell is really a reveraible ome and that the
razetion abt the eleeirode is
. .c v el ~
migueg = Sg% *LH +2e
and that this is folloved by the chemiesl renction

8,04 + B0 =180, +50," (16)
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