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THE CRYSTAL STRUCTURE OF SODIUM PRRIODATE,
by
Réscoe G. Dickinson and L. Herle Kirkpatrick.

Introduction,

Sodium pediodate has been investigated crystallographe
icellv by Pammelsburgl and by Fakle® and is reported as be-
ing ditetragonsl bipyramidal ,, its axial ratio being ajc =
1:1.5900, There are & number of salts having similar formulas

that crystallize in the tetragonsl system and have very

- c¢losely the same axial ratios. These salts are given in Table I?
Table I.
selt nxial ratios | Symmetry

KRuo, 1:1.5340
L1IO, 1:1.5272
Nal0, 1:1.5900 - bipyramidal
AglIO, 1:1.6318
XIO0, 1:1.5534
RbIO" 1:1.5576
&H;IO; 1:1.5211 bipyramidal
CaMoO, 1:1.5487 bipvremidsel
Srio0, 1:1.5738 bilpyramicdal
BaMoO, 1:1.6232 bipyremidal
Phto0, lél;B?%? pyramidsl
CaWl, 1:1.5208 hipyramidel
SrW0, 1:1.5582 bipyramidal
Ba¥0, 1:1.6046 bipvramidal
Phvr0, 1:1.5606

1) Permelsbhburg, Pogg. Ann. 4. Phys.- 373, (L868)

2) Eaxle, Zeit. £. Krystall. 26, 999,(169 3

3) P. Groth " Chemische hryst&l’oaraphie“ Engelman,Lelpsig 1908.
Tol., II, pages 174, 384,



The tungstates of lead, strontium, calecium, and barium
are}knowﬁ to be iscmorphcus with the molybdates of these
‘same metals; the periodates of sodiwm and emmonium are &lso
isomorphous, It is thought that very probably all the salts
listed in Teble I ars isomprphous and should therefore have
the same Symmetry. Orystallographers, however, do not assign
the same élass of symmetry to these different salts. It is
than of interest to study the crystal structure of sodium per-
iodate and to compere it with the structure of wulfenite,
PuMoO,, which has already bheen studied and reported by R. G.

I‘;ickizmaxcm.)+

The Prevaration of the Crystsls.

Sodium periodate was prepared by passigg chlorine into a
hot solution of lodine and sodium hy&roxiaegmadé by dissolving
20 g. of iodine and 80 g. of sodium hydroxide in 300 ce. of
water. After severzl hours a‘fine crystal meal separated, which
after filtering and washing was found to liberate iodine from
2 slightly basic solution of potassium 1odiée§ It was then dise-
solved in dilute sulfurie acid and slowly reprecipitated by
adding sodium hydroxide until basic. The crystals were obitalned
by the slow evaporation, at U0°C to 45°C, of a solution of the
salt containing a smell amount of sulfuric acid. Under these

conditions the faces which develop are (11l), and (101l)c.

4) R, ¢. Dickinson, J.A.C.S., 42, &5, (1920)

5) See Gmel in-Xraut,"Handbuch der Anorganischen Chemie®
Carl Vinter, Heidelburg, 1909, Vol.I2, p. 364.

) Treadwell-Fall "Anelyticel Chemistry" Wiley, Hew York
VYob. II, p. 670.



One of the crystels was measured on a goniometer. The mean
of two measurements of the e;ngles vetween similar faces gave
’47’ 50'. The calculated value of the angle between (111),
and (11T), is 47° 56!, Throughout this paper the subscript
ot indicates that the indices are referred to the same sel
of axes used by the crystallographer; the indices without
designation are referred to the space group axes.
Fxperinental Ezocedgza.7

Spectral photographs were made by reflecting the K-
rediation of Molybdsnum from (111)g, (001)y, and (110)e
- while the crysteal was besing rotated at a constant angular
velocity. The desired faces were obtained by gringing the
crystal at the proper angle, To insure pracision in measurements
a reference spectrum of calclite was photographed at the
same time. The spectral data 2rs listed in Table II.

Laue photograerhs were taken with the white radiation
from a tungstsn target, the tube heing operated at a peak
voltagze of 51l.5 kv. hence the lower wave length limit was
0.24% 3;. Photographs were taken with the Xe-ray heanm incident
upon (001l)g, (11l)e, and (110),. Gnomonic projections were
made to assist in asslgning indices to reflecting planes.
The results were trested with the aid of the thecry of spacs

- grcups? The Nauve data are given in TablelIll .

7. RV¥W.G. Wycoff, "The Structure of Crystzls" Chem. Catalog Co.
New York, 1924.

- 8. RY.G, VWycoff, "The Analytical Expression of the Resulte of

the Theory of Space Groups" Pub. Carnegis Inst. MNo.318, 1l¢22,



The Unit of Structure.

Table II.
Line (hkl), | angle of desng/ n |Intensity.
- raflection ‘

8 0.5311F | 110 6° 51 2,644 n, 0.2
o« 9.710 [ 110 70 39' 2,666 n, 0.9
g 0.631148 1110 130 43¢ 1.330 2n, 0.25
o, 0,7078% | 110 15° 25! 1.351 2n, 1.0
%, 0.7121% | 110 15 31 1.331 2n, 0.6
Y  0.6197% | o01 - 5% Byl 2.978 n, 0.05
B 0.6311F | ool o 5t 2.977 n, 0.4
o Q,710 & | 001 6° kg 2.990 n, 1.8
A 0.6311F | 001 120 10! 1.489 |2n, | 0.2
o (0,7078K | 001 13° 43¢ 1.492 2n, 1.0
% 0,7121F | 001 13°  4g¢ 1.493 21, 0.3
6 0.6311K [ o01 18 32! 0.993 3n, 0.3
< 0,710 £ 111 Yo 12' | 4,846 n, 1.0
o« 0,710 1 [111 go  2u 2.432 2n, 0.1
@ 0.6311F |111 110 17!t 1.612 3n, 0.95
= 0,7078F | 111 120 32' 1.616 3n, 0.3
o, 0,7120K | 111 120 ' 1.61 3N, 0.1
Y 0.6197K |111 14 510 1.209 N, 0.05
g 0.6311K |111 150 : 1.218 | 4n. 0.3
o<, 0,7078F | 111 17° it 1.210 Un, 0.8
o 9,711 111 17° & 1.209 Un, 0.5

| Ths spectral meesursments lead to the following values:
Gpoy, /02.98285 o, /0=2.659E; and de,, /ngl.8u3k.

Since the axes of the true unit of structure mey e Co=
incident with the crystzllograrhic axes or may be rotated
about the "o" axis so as to meke some engle (0° to 45°) with
them, the folluwing calculations were made 1o cetermine the

snéallest possible unit compativle with the spectral data and



end the orientation of the axes. Let Ey and K, be the
crvsteﬁ.lographic &xes, and H and K be the axes ¢f the true
unit. Let the indices of (310), be (hk0); the indices of
(3-11)0 be (h'k'l') on the space group axses. Let also the
intercepts of (h'k'l') on H, and K, be unity, the intercept
on Ly is then 1.590. Then the intercepts of this plane on the
— the space group axes can he found from

the figures

_.._ﬂ):l;- X'\ 1 or
gin sin(n+<x) sin 3¢  sin=

Bl= coszxr" and K'-smo(‘r‘:. Also it is

IV/K'= oA = = 8inx or
clear that H'/ tan k/n LE2sad

k'= _sifx = lecogx . Whence it re-
h* l-sina cO8™

sults sim=fﬁ~£§—1§-: and cosm=f§.%§. and the intercepts are:
=YK ; K'=1Hk" ; and L'=1.,590.

h'= k1z
Yow the length of the axes of the true unit are given by:

H and K = 2.659n {h%k™ and L = 2,982n,. Hence h':k':1' =

=+ 2,65 n.k(Z+k 2,659 ., 2,982 n, which reduces to
TN : kT 1.590

2n,h: 2n, k :'n\ . Turning now to the general formula for the
interplanar distance in terms of the indices of the plane and

the lengths o*‘ the unit axes we can writf:

: 2
dypx ={[B ) 'J =\{ Bt ! L
[ \ (dwo \do 2. 69%) @) (n,2.982)
if nrr is the common divisor of 2n,k; 2n,h; and n, then

(h'k'1')= (Egzh) 2n.k _rg\). Substituting this into the above
r T by ’

expression for dgey, it reduces to dgEl'= 1.226 r, Comparing
this with dy /pa= 4.843 it is clear thet n must be a multirle



of four and -uﬁg nust be an integer. To obtain possible units
it is now only necessary tc assign values to n,, n,, n,, h,
and k remembering that %%;g %%;;.and B4, shall ve integrel
and also that the first two shall not both simultaneously be
zero,further that n, nl (B+k) shall be & minimum since this is
propertional to the size of the unit. Since it huas already
beern shown that nmuet be at least four; the only two units
that oive the sémllest_valua to n,ni(ﬁ#ﬁ) compatible with the
other restrictions are: n,=Y; n,=2; n,=1; h=l; k=0; and
n,=4; n,=1; n,=l; h=2 and k=0. This last unlt however is no%
’pcssihie as 1t does not give indices prime to ane another.
Hence the unit taken to be the true one is the first one given.
The axes are at an angle of 45° with the crystallogrephic axes,
hence (11C)o= (100). A slightly different value for d,is
taken rather than the observed value. This is calculated
frem the cbserved value of deoy 2nd the axiel 'ratio, and is
used bhecause it gilves a calculated value of Gy = 4, 847
which agrees better with the cbserved value than does the
one calcuiated on the basis of the cbserved value of Guig,.
This latter gives Guu= 4.866.

The true unit is then: doo = 11.926K and d..e = 5.304K.
It contains four molecules, calculated from the reportsd

demsity and the molecular weight.



The Space Group

Table III.
= - = ey

(hkl) dog nA Estimated

Rt in fu Intensity
152 1.030 0.381 1.2
72 9.70L 0.398 0.2
376 0.0598 0.459 C.5
231 1.468 0.381 0.9
163 0.857 6.396 0.1
705 . 0.725 0.421 0.1
- 529 0.793 0.437 0.5
1-2-15 0.756 0. 440 0.5
21 0.730C 0.455 0.9
23 0.720 0.437 0.35
725 0.701 0.423 0.6
756 0,059 0434 0.7
7-%-16 0.603 o.izé'a 0.5
31 0.116 0.433 0.05
51l 0.985 0.445 0.05
5-2-11 0.732 0.386 0.3
5-2-13 0.672 0.454 0.3
833 { 0.616 0.387 0.1
129 1.160 0.314 0.4
237 _ 1.116 0.315 0.2
3-1-10 ‘ 0.925 0.289 2.0
3 3-10 0.866 0.295 0.15
372 0.65H4 0.4k 0.9
114 ' 1.582 3.296 0.2
059 0.8350 «383 0.7
459 o.geg 0.399 Ol
0'3’13 0. 9b 005&9 OOL!'

Since first order feflections occurred only from those

plenes, the sum of whoss indices is odd, it cazn be said that
{

- the lattice is a centered one,‘? . Turninzg to & tabulation

of possible space groups it is found that the only ones that



i
are compatible with this lattice are: S,; C,; Ca; Cur; &nd Cae

which contain operations of the second sort,and: Vy; Vi3 Vi;
Va3 Cavs Cav; Cavs Oay; Dij D3 Dis; Dai; Dicj and DS

A Laue photograph made with tﬁe J~ray heam normal to
the basal plane (001), face showed evidences of hemihedry,
thst is certain corresponding spots had different ilntensities
depending upon which side of the centrel imege they lay. The
intensities of several groups were carefully comparsd among
themselves and then plotted agsinst their nXs, Following is

a8 typicsl plo%b:

4]
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Thi§7shaws cleaﬁf; that the é%%ucture is ﬁgt one of high
symmetry; although since but}few such groups of spots were
found, it indicates that probably conly the oxygen atoms cause
the disymmesry while the sodium and iocdine atoms are arranged
symmetrically. Hence the last group of speces groups listed
above are oliminsted, leaving omly Si; Ci; Oa3 Cuy; &né ON,
0 be considered. Of these Sa; Os; and Cu.rTequire no specisl

ebsences other than those reguired by the lattice itself,



403 reguires further that'reflections from (001)be present only
in orders which aie-multi?les of four. G:h reguires further
~thet (001) reflect only in orders which are multiples of

four, elso that all planes (hk0) reflect only in the second
crder, It hes alrezdiy bzen shown from specitral data thet

(001) reflects in the fourth, eighth =nd twelfth orderse
Furthermore ssveral vhotographs showed the absence of (150)
though it were 1in = poaition t0 reflect in the first ordsr,
(710) and (530) were also found %o be absent when in a position
to reflect in the first order. Likewise several photographs
differing from one another only in the angle of incidence of
the Yeray beam showed (130) to be strong when reflecting high
in the second ordsr and very weak when réflecting near the
lover limit of the second order,

It ssems therefore that the facis are best explained by
space group Czh, and this is taken to b2 the trve space group.
This space group provides the following positions: |
Two “eguivalent positions:

.4 fg o
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Sixteen euu*vziant prosttions:
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g2 =X, 24 X, 5=V, 232~V R R L TR AR TS e -t T o7 )
2y, Bk 25

The velus of the Btructure fackr S for any plane (hkl)
is given by: S=VA¥+ B>, A=ZR;cos 2m(hx,;+ky:+lz.) and
B=2F, 8in 2nn (hx, +kyc +¥lz:) where R, is the relative.refléct-
ing power of the il atom in the coordiante position x;¥.2c.
It is to be noted that with esch of the positions (a), (b),
(c),.(d); (e), an&_(f) the orizin is a point of inversion
hence the B term i£ the expression for € is always zero. This
gsimplifiss the considerations,

It is also noteworthy that if the sodium atoms arse placed
at (a) and the lodine atoms are placed at (o) the wvelue of
A ie zero for rlanes of the type (hkl) where h and k zre both
odd aﬁé 1 is some multiple of four, for first crder reflectious.
Filrst order rsflections, however, were observed from planes
of the form: (114%), (118),(138), and (154). These reflections
rust e dus to the oxygen atoms slone, To determine whethexr
these ~atoms were in the "elght" or the "sixteen" positions,
A wes evaluated for the above class of planes for each of
the positions (e), (4), and (2). It was found that here toc
A varnished. Hence it can be said that the oxygen atowms are
. ervstallographically sguivalent and that the arrangement of
atoms in the unit is: Ne at (a), I at (») and 0 at (f).

£lthough the determination of the szact positions of the
Oxygen atoms would be a very difficult matter, scmething can

be said of their genersl configuration.
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It ié readily’sean from tﬁe accomanying figur&'which shows
the positions of the sodium and iodins atoms in the unit of
structure, that cubes, 2.55 A on an edge with sides parallel
to (100), (010), and (Q01), can be drawn so as to have two
opposite corners on one side occupded Ly scdium atoms and
twé‘opposite corners on the oprosite side cccupied by lodine
atoms;.lf.th@ centers of +thsse cubes were occupied by the
oxygén atoms the wholz space of the unit wevld be uniformly
f£illed up and & vholly symmetrical %tetrahedral arrangement of
oxyren atoms wduld obtain. The Laue plhdographs, as was mention-
ed before show evidences of & slizht hemihedral srrangement.
Furthermore the field abeut the cxvgeﬁ atoms is not homogeneous
since on one side thers are two ilodine atoms while on the other
there ars two sodium stoms, hence one would expect the oxyzen
stoms to be shifted slightly from the center of these cubes
toward the iodine atoms. They are then probelly arranged not
s tetrshedra tut as tetragonal bisphencids. These neaﬁly regs
ular tetrahedra are in parallel orientation in planes parallel
to (010), but in the planes parallel to (100) they are ar-
ranged in alternate groups, one group veing rotated GO° rele
ative to the other about thé ten direction. The (10C) faces
of the unit contain no atoms while the (J10) faces coutzin
both icdine and sodium atoms.

Thaet this structurs is wvery probably the corrsct one
gains additional support frow the following considerations:

The firzt and third orders of reflections from (100) should



be ahsent, the second and fourth orders should be pressent Lut
with the fourth somewhat stronger then the second since in

: the former reflsction the oxysen atous are in phase with the
godium and lodine atoms while in the sscond order they are
out of phase. Spectral piiographs from (110)g = (100) show
‘the first and third orders absent, also the fourth is slishtly
stronger than the second.

Also, since the reflecting power of iodine is so much
greater than that of oxygen, and that of sodium is at least
es great as that of oxygen cne would expect that even come-

- plicated planes in which the sodium and iodine atoms ars re-
flecting in phase would produce spots which are strcngér than
thoss preoduced ﬁy less complicated planes in which the icodine
and sodium atcms do not reflect. It is found that the plane
(736) reflects abcut'ten times stronger than the much less
compl icated ylane (313) which is due to oxygen atoms alone,

It is to be noted that each sodium atom is surrounded
tetrahedrslly by four other sodium atoms, likewise each
iodine atoms is surrounded tetrahedrally by four other iodine
atoms, This gives an interpenestrating diemond arrangsment,
the same type of structure assigned tc wulfenite and scheelite9.
These latter crystals belong ththe group mentioned earlier
in the paper, and presumably will have a very similar struct-

ure to that cof sodium periodate.

9) See reference 4.



~ Finally it is worthy of mention that there is no hasis
ror the formula Na,IOg for the solid selt, it is NalO,.

Sunmary

| The crystal structure of sodium periodate was investigat-
ed by making the usuel spectral and Laue phtographs and treat-
ing the results from thé gtandpoint of the thsory of space
groups.

% was shown that the true unit of structurs contains

, feﬁr molecules znd has the dimensions: dgop = 11.92 L ana
Qioo= Gpi0= D30 X, The structure was shown to be of lower
symmetry than that assigned by crystallographers, it was
aséign@ﬁ to the space group C:h. The sodium and iodine
atoms are definitely placed, they form and interpenetrating
“diamond arrangement. The proabeble positlons of the oxyzen

atoms is also discussed.



THR SPACE GROUD STMETRY OF SODIWI NITRITE.

Introduction,

Crysts=llographic detsl show thot sodiwa nitrite 1s to be
aseigned +t0o the orthorhormzic class of crystals. Its exliel ratios
are 0.0399:1:0.95670. The faces usuclly developed are (OCL), (010),
(161), and (110); furthermore since similar faces are equelly
daveloped it may be expscted that the structure is one of high

symmetry.

—3

vatals used for this invsetigetion were fairly long
St

[é7]

ne

i':@

.flat viates obtained by the slow evaporation at room temperaturs
of a saburated solution of the pure salt. The most regular wnes
were exzmined under a microscope hetween crossed Ilicols and were
found to show parallel axtinction in three directions,

Fxparimentzl Proce u;ea

Spectrel vhotosraphs were teken both by reflectlor . v and by
transmission of the Keradiation of Mol ybdenunm, while the rystal
was Lelng rotatb 2d at 2 constant sngular velocity, so as to give
Sio0/ D} Gon/ny and Qoo /e Talinsure accuracy in measurcments & ref=

erance spectrwm of calecite or of sodiwn chloride was photographed

at the same time., Furtherumore a vrass shield bhaving & long slit

1. P, Groth,
Vol., II, paze l&,

2, For o detailed desc
"The Structurs of C
Catalog Co., New Y

e Krystallographie" Tngelmen, Lelpslg, 19C6.

ripticp of Zeray techunigue se
Jryvatslat, by E. W, G, Wyca:f. Tbe nen,
crk,

924



} . wide cut in it,‘Was.set betreen the grysﬁal and plate and
wes robteted through fitice the angls of rotatlon of the crystal
so as to screen off 211 but the desired pinacoid reflecticns,
'Qﬁher'photographs wers taken without the scrcen and rafsrence
spécﬁrum in ordsr to obtain intensity relations of the side
spectra. Table I gives the summary of the spectrel data.

| Laue photographs were tzken with the white radistion from
a tung en enticethede; the beam of Xe-roys helng incident upon
a (0CL) face. The position of the crysial was changed hetween
photographs so oo to obteln hoth symmetrical and unsymmetrical
diagrems. The indices of the refle CuiL” 1¢uues were obtained
“with the zid of gnomonie prejections and the resulis wers treat-

th the =21id of {the theory of spase ngU$sj. The Laue data

[ 22

ol w
are listed in Table IT.

Teble I,

Tiine )Y Angle of |ordery hikl dpae Fetimated
Ho-K re’lection ™ ntensity
Y {0.6197] 100 11 n 100 1.752 weak
| 0.6311] 100 a1t n 100 1.756| wmed. week
o | 0,7078| 11° 37°¢ n 106 1.758] mod. sﬁ;ung
o | 0,7121] 11e 42¢ el 1380 1.750] med. wsak
Y |[0.6197 Go 261 n 010 2.767 weak
8 ]0.6311 6o 3t n o010 2.777| med. weak .
o 6,710 70 19! n uly 2.775| =nod. strons,
B 0¢.6311 Go 43¢ n 201 2,698 0.2
« | 0,710 o 321 n slo ] 2.799 0.8
Yy {0.0197| 13° 131 | 2n sl 2.711 0.08
@ |0.6211 ) 13° 30% | 2n Q01 2,70 G.3
Coa | 0,7078 ] 15° 10 | 2n o) g.gc6 1.0
o | 0,7121( 15° 18' | 2n slo 2.098 0.4

3, The nomenclaturs of Tycoff is used., Sea"The Anelyticel
Txpression of the Fesults of the Theory of Grmuv Sroupsh
by R, W, G, Wyco®”, Pub, of Carneyie To. 5186, 1922,

o]
v
;’_1
@
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Talle IT,

350

hkl Gppt | 2 nA Int. | hkl dest | n nkx | Int.
251 |0.9261 |1 |0.426 | 0.7 >[211 [1.670 |1 |C.MLH 0.6
710 [1.684 |2 [0.620 |0.252|I20 |2.185 |2 |0.629 [C.25
521 |0.679 |1 0.391 C.13>|/ 051 | 0,686 |1 |U.398 |0.00
501 [0.701 |1 [0.k29 o5 |0.782 |1 G.’isg .21
251 |0.9201 |1 o.1426 0.7 >1310 [1.153 |1 [0.420 [0.5
T30 |1.042 |1 |o.401 (4.0 M2T1 [1.670 |1 (o M4 (.6
532 100932 |1 LG (0.0 >[31C |1.153 |1 {0426 |0.5
51 (0,686 |1 | 0396 0.13>ﬁ33 0.729 |1 [0.392 [0.10
271 [0.718 |1 [C.364 |0.12>361 [0.722 |1 |C.352 |0.07
331 |C.977 |2 |C.H98 1015314 |1.257 |1 |0.257 |U.15
I50 |1.061 |1 |v.282 |C.257|1H [1.257 |1 [C.257 [©.15
252 10.889 |2 |0.591 |C.052{34 [0.899 |1 [0.283 [0.05
252 10.8489 |2 | 059 [2.052{101 | G.898 |1 [0.501 |U.05
131 [1.380 |2 |[v.g02 0.6 >|185 |0.K75 |1 wa C.1
185 10,575 |1 |o.855 0.1 >|182 |0.59% |1 |0 050 |0.05
274 10.719 |1 | 0.389 u.z> 301 | 0.730 |1 [0.4C1 |0.02
163 |0.801 |1 fs.fm 1.4 230 | ¢.e90 |1 |0.403 0.0
321 |1,071 |1 |0.322 |0.7 >|12C |2.192 |2 |V.630 0.4
521 [1°071 |1 [0.322 [0i7>|231 [1.255 |1 [0.325 |absent
13¢ [2.192 |2 |C.630 |C. U 2231 [1.24S |1 [0.325 |ebsent
181 |0.676 |1 [©.385 j0.1»|361 |C.730 |1 |¢.372 |0.05
161 |0.885 |1 |o.hg |C.2 >1253 |0.834 |1 |0.U32 |0.05
350 |7.92 |1 0.7 |0.25>]253 | C.e3h |1 {0432 |0.05
i3l |1.572 |2 |0.661 |0.2°2({21C |1.697 |2 |0.501 |0O.2
14 11.259 |1 |0.378 |2.0 Ple1n |1.620 |1 |[0.373 a.;
051 {1.089 |1 [C.ho6 |2.0 211 [1.620 |1 |U.392 | 0.6
0.812 |1 |o.1a7 [0.25>{T61 |[0.885 |1 [0.418 [C.20




The Unit of Structurs,

Sﬂuctrel HMeasurements lead to the Tollowiny wvalues:
. - v n
*mo/n g 1. 793“, Gowo /11 = 2.7738; and don/n = 2.7&4&. These are
' the retios: 0.0329:1:0.9708 which asree ressonably well with
in J 2

1t

"'the crystallozraphic axizl ratics. Takine the density as 2.157 g/oc”
the mumber of moleculss im the unit 1s found to be 0.249 which
‘necessitates ircrcasing the size of the unit. A Laue photograph
shoeé the spot 321 at 8in® = 0.152, hence ni= 0.1655; and the
spot 231 &t sind® = 0,144, hence ni= 0.179%. The X-ray tube was
operated et an effective voltage of 40 kv. conseguently the
iswér wave length limit of the X-rays in the beam was O.2uE,
Thesé two spots together reguire the doubling of all three axes
and as no further data wers found that required a still larger

unlt the true unit may be taken as: dpo= 3.5104; dyo= 5.5404;
| and door= 5.408A. It contains two molecules of NaNO,.

In the orthorhombic system no first oPder reflections can

occur from the following types of planes with these lattices:

~

Lattice T, end centersd on (00l) h+k odd
" o 1 " "o (010) h+l odd
" o, " " " (100)  k+l odd
" o face centered h, k, or 1 even.,
u " body centered : h+k+l odd.
o " simple no general absences,

V 'Firﬁt crder reflecticns were obtained fromplanes belonge
to all the above types except the one for which h+k+l is ofd,

hence it is mors than probable thet the structure is based upon
i, Lanaalt Bornetein, ?hysikaliach-uhvmleche Tabellen Vol.5 p 303




nt

the body centered latticel, . The only space groups ccmpativle:

16 27

20 g—l 22 8 Q Rty
with this lattice ares Covy Cavy Cavy V3 Vi Vo 3 Vo 3 Ve

H H
and. Vif . Of these only Civ; V®; and Vo' permit the placing of
two molecules of Nali0;. Furthermore V° aﬁd Ve are identical
as far a5 the Wwo" and "four" positions are concerned, hence
only the spece groups C.v and V, need be considered. Uonsider-
ing the morphology of the crystals the latter is the more prov-
able.
Vf_ requires bHhut one paraméter and it can occur in the
h, in the k, or in the 1 direction, hefeawing tc the results
of the spectral measurements it appears that in the reflections
from (001) the second crder is stronger then the firss, hence
one concludes that the perameter occurs: in the 1 direction.
There are, then, twenty-four possible structures; the different
ways in which the followine positions can be combined:
Two equivalent positions ( for the Fa- and the E-atomé)
(&) 000;%%% ; (b) 200;64% ; (o) 00%;+x 05 (a) £0%; 0%0.
Four equivelent positions ( for the O-atoms)
(1) O0u; O0U; Hiywkijsas-u. (J) Ohu; 0iT; £0u+s; £,03-u.
However, if certain translations of the orizin of co=-

ordinates ars mede it 1s found that menyof these structures

are identical:

(000) to (00%) (a)=(c); (bg=(ﬁ); (i)=(i§; and (3)=(J).
(OO(}; to (0£0) (a)=(d); (b =(03; and (i)=(j).
(ooe (a)%(b); (c)=(a); and (i1)=(]).

to (00



The possible iﬁdépendent structures are reduced to six:
1) (2) () (1); (2) @ ®E); B) (@) E)); ) (a)e)});
(5] (a) (@)(1); and (6) (a)(d)(3j). ¥here the first letter re=
fers to the positions of the Na-atoms, thé gecond to the positions
of the l-ptoms and the third to the positions of the O-atoms.

The structure fector expression for each of these structures
for the case of first order reflections from planes for which
the sum of the indices is ‘odd are:

(1) 5= 2Va + (-1)% 20 + 40 cos 2ulu.

(2) 5= 20a + (1) 27 + 43 (-1)*cos 2niu.

(3) s= 2ia + (—1)22§7+ 40 cos 2nlu.

(4) 8= 2ila + (=1)" 2T + 45'Q41fhaos 2ulu.

(5) 8= 2la + Q-l)k25:+ ¥0 cos 2nlu,

(6) o= 2ffa + (-1)"2T + 40 (<1)"cos &nlu.
where S=VF +B> , A=¥R,cos 2nn(hx#ky+lz) and Bﬁiﬁ;sxakann(hxﬁkyalza
Bibeine the reflecting power of the 1'th atom in tﬁe cooruimate
pasition Xi,Vi 30

Feferring to Table II it is to be noted that (251)>(2L1);
(i§1x>C§51x; and (051),7(211),. In eech compariscn the 1 index
is'the same, while the h indices and the k indices are the same
for eveness or 6ddness, Consequently the velue of S will be the
sgme for each plane of the comparison for all the six structures.
}fhis definitely eldminates this spece group and leaves only

i as being compatible with the data found.



0.2 provides the following positions:
Two equivalent vositions, ( for the Naw and l-atoms ).
(a) 00u; L. 4u+s; and (b) }Ou; 0,Luts.
Four equivslent positions, ( for the OQ-atoms ).
(c)' wOv; WOv; Wi 4, v+d; 4 =W 5 V3,
(@) Owvy; OWvy L,w+y,vHy; 5i-W, v,
There are eight poésible ways of combining thesé positions,
but if one translates the origin of coordinates from (00Q) to
(300) it is olear that (a) becomes ldentical to (b) and (¢) and
, (d) remain unch&nged, This reduces the numéer of independent
combinations to four:

xiLa at (&), Nat (b), 0 at (c); GNa at (a), N at (b), 0 at (4).
Y:Na at (a), Nat (a), O at (c); S:lla at (a), Nat (a), O at(d).

However since this space group reguires a unique chcice
of axes, the npmber of structures bvecomss twenty four since
there are six ways of choosing the axes:s |

Iwm%=(magnmmg=(mxgmmmg=(mnbnmmg=(mmg
=(hil) = (1hk);s(nkl),= (lkh),
| Again using the spectral comparison (O01) o> (001), eizht
of these:aﬂ#ﬁapi¢ﬁ%YnWEJ$Zre eliminated because the value of
$ hecomes the same for each plane i,e. S= 2Na + 2 T + 40.
Certain regions of the value of the parameter were in-

vestigated but with no oconclusive results. To carefully con-
E

5. The subscript € refers to the Space Group axes, C refers
to the crystallographic axes.



sider the entire range of parametral-values‘for each one of
the sixteen possible structuias appeared not to he worth
while.

Sunmary.

The crystsl structurse of orthorhombie sodium nitrite
wes studied by means of spectral and Laue photographs. The
results were treated from the stand point of space group
theory. The unit rectangular parallelopliped was shown to
centain two molecules and to havd these dimensions:

i, = 3.510 B3 dow= 5.546 Ky and d,.= 5.408 &. The structure
"was8 shown to be built uron a hody centered 1attice‘:“and that

20
it was to he assigned to the space group Cav.



THE CRYSTAL STRUCTURE OF THE CUBIC WODIFICATION
TELmecaic 1.
By L. Merle Kirkpatrick snd Limus Pauling.”
| introduction.
Telluric acid Te(OH)g, crystallizes in both the cubic and

3 The stfucture of the cubic form wag inveg-

monoclinie systems.
tigated by the use of spectral and laue photographs interpreted
wikh the aid of the theory of space grougrs.

The crystals were prepared as follows: tellurium metal wes
trested with hot nitri¢ acid and chromic anhydride. The resulting
telluric oxide, TeO3, was then dissolved in hot nitric acid whose
specific gravity was 1.%32, This solution upon slow cobling,yield-
ed small octahedral crystals of Te(OH)é, which were ortically

igsotropic and were therefore cubic.

Experimental EFrocedure.

The X-rsy methods employed have been described by uycofft,
The spectral piotographs were t2ken by esuging a beam of the
K-radiation of Moclybdenum to pass thhough an octahedral, [ 1]
face while the crystel was being ro_tated at & constant angular
vetocity. The Leue photogrephe were also taken through a Ut
face using the white radistion from & tungeten anticathode., The
crystal was mounted directly over the second of the two pin

holes nsed $0 define the beam of X-rays.

t. This peyer hag been accepted for publicetion dn the Zeit-
gchrift fir Erystsllogrophie und Mineralogie,

2. National Resgearch Fellow, .

7, Groth,"Chemische Krystallogrorhie™ Engelmen lLeipzig, 1906. 1,123
4, RW.G.Wycoff,"he Structure of Crystaleg" The Chemical
Catelogue Co. New York, t924 pp. 109=-177.



Gnomonic projections were made of the Leue rhotographs and
indices were assigned to the planes producing the svots. The
eryst=1ls used to meke these photograyhs were less then $.3 mm.

on sn edge. It is remerksble thet such small specimens will give

clear photographs as fig, t and fig. 2. show

Fﬁgi

Fiti 2.
he Unit of Structure.

am———

In table I, are listed the spect?al data from (110). Using
the equations A= 20,qsinOand &= Qe BrKF L , one finds a
value of 5.87‘3 for d4,,/m. Table II, gives the deta froma
laue rhotograph taken with the X-rey tuhg operated at & peak
voltage of 40kv. Therefore, the low wave length limit of the
X~rays piesent in the incident beam is 0.3t £, 1In order to ex-
plein the production of certaein spots on this photograph it is
necessary to take n=4 in which case dw;=é5.49 Z. No other date
were found requiring a‘largei unit , hence the true unit of
structure mey be token as & cube 15.48 A on an edge. All date in

Teble II are calculated on thig dbasis,



The dengity of thsycrystals, uging the Retgers' suspension
metho&, was found £o be 2,12 g/ce. somevwhat higher than the value
%.,05% g/ec which is usuelly given. Agsuning thet there are 32
molecules of Te(COH)s in the unit the density calculsted on the
X-rey deta 1s 7.26 g/ec which is in sufficiently good aggeement
with the experiment&ily determined value.

The Space lattice and the Space-group.

Sineerthe only plages which produce first oréér reflections
are those whose indices are all odd, the structure is based upon
the face centered cubic lsttice E;ﬁ Moreover & laue photograph
taken‘with the incident beam inclined only & few degrees from
[ t1] ehowed a plane of symmetry containing this threeqfold axisg,
This shows that the crystal is isomorphoﬁs with the point group
Ta,0 or Og.

The only space groups which will place 32 molecules of Te(0H)4,
are Gz,ez,éz,and 02 . Using space group criteria one can de-
cide between these possibilitiess
(a) No first order reflections from planes all of whose indices
are odd and Wiih h=xk were found although planes of the forms
33}, 54, {33, 073, (755}, 75}, 1955, and §193°3) were ina
position favorable to refleétion.

{p) Mo secaﬁﬁ order reflections from planes of the form (k1)
were observed, although planes of the forms 023},1043}, and
{047} were in positions favorable to reflection, |

.Fact (a) is explained only by the space groups Ozkand d% .
Fact (b) ig required by 0% and is not explained by O . Hence
X-ray dete show that the erystal isg o be>&ssigned to the space

group di .



The Atomic Arrangement.
There are 32 tellurim'n atoms, 192 oxygen atoms end " )

- hydrogen atoms to be placed in the unit of structure. Assuming
that 211 stomg of one kind s2re erystallogrzphically equivalent
it is found by reference t0 a tabulation of the results of the
theory of space groﬁ;&»s5 that the space group 0%‘ provides two

posgible positions for the tellurium atoms:

’ L. . . ~ . 22 2.32 1

32d. 556535 gsh § &8 32 8358 8855548855

FELREE LS L3y 365 %c8°5868-

CAERERE B 5% I55 ST FE yEE
$3PAE% 5E6 5% % 5535 358 B Y

151, k%% 38 68 ® 568°8388° €85 ER A

P ih s eE AL R AR A
+3hese 588;._6;5_;.- LT LE  ST& FEL
s;%’;%"é%;%%s’sss' 933;%85'22:&_12.
ES R §53i 535 diy LY
6§55 568> 888 888"

8
The oxygen and hydrogen atoms are to be assigned to the genersl

positions,

It iz obviousg that by & tranglation of thé origin from Q0O
to 2+ %21, 32 d,pecomes identical with 32 e. In either case the
unit cube can be said to be composed of 8 small cubes each one
of which eoﬁtains 4 tellurium atoms with the face centered var-
rangement 00C, 11c, oil, 50%. Hence ome can say thzt the crystal
is built up of approximately sphericel Te{OH)4 molecules with
cubic cliose packing.

In neither 32 d,nor 32 e,do the tellurium atoms contribute
elther to the first order refleéti@ns from plenes with &1l indices

odd or to the second order reflections from other planes., Thifs

ig clear after congidering the structure factor expressions:

5. RJW.G.Wycoff,"The Analytical Bepresentation of the Results of

the Theory of Space Groups™, Pub. Carnegie Inst. ??3‘18, 1922,



s=VAv B , Where A= E}cos on(hxt ky. +12;) and B:ﬁcsin 2nn(hxtrkgflz;).
In these expressiony ﬁisignifies the relative reflecting power

of the " i%h ™ atom which is in the coordinate position x y: zs

h k- are of course the indices of eny perticular plane. The sum-
mations are taken over the whole unit for 211 the atoms. The
hydrogen atoms, due to their very low reflecting rower contribute
nothing to any reflection, hence one gshould be able to locate

the oxygen atoms by studying the intensities of the reflections
Ifrom the above mentioned interesting vlanes. Although extensive
caléulations were carried through no:unigue value for the three
paremeters defining the positions of the oxygen atoms could be
obtained, and it seemed useless to carry these caleunlations
further.,

With the telluriug atoms irn 32 d, .or in 32 e, the point group
symmetry of the molecu1e6 is -cﬁi or Dz reppectively, Thie is in
agreement with the formula Te(OH)g rother than H,TeC,.2Hp0; the
former is supported by other evidence alse? It seems reagonable
thet the six oxygen atoms are srrenged octahedrally aboux the
the central‘telluriﬁm stom in the molecule; however in default
of a complete determingtion of the structure and atomic arrange-
ment the.shape of the molecule cannot be further determined.

Summary of Resultsg.

The crystzl structure of cubic telluric acid Te(OH)6 has

been studied by interpreting the date from spectrsl and Laue
photographs with the aid of the theory of space groupe. The unit
of stracture is 15.48 X on an edge and containsg 32 molecules. The
gtructure is based on the face centered 1attice':'and is to be
gf_ﬁgééfi,"ceometrishhe‘Kristallogrephie des Discontinuums"

Borntraeger, Leipsig, 1919, p.4t1,
7. Baker and Adlam, J. Chem. Soc. 99, 507, 13tt.



assigned to the spece group d;. A discussion of the atomic

arrangement is given. -

Dable I.
order Wave length angle of d,. /n.
, of lige reflection o
n 0.6311 A 6 3%.5° 2.762 &
n 0.710 7°22 .5 2.769
2n C.o31 RS R Y W 2.755
2n 0.7078 14° 53 .2°¢ 2.755
2n 0.7121 14° 57,61 2,754
Table 11.

Gx) n dy/m A estimated

. o o intensity

531 t 2.62 4 0.47 A 4

33 t 2.3%6 0.43 a

51 1 2.19 0.44 a

02% 2 2.t% 5.52 8

3’;’% T 1.89 0.40 a

427 2 1.69 0.37 a

472 2 1.69 0.41 0.05

575 1 1.56 L0540 8

540 2 1,58 0.44 a

%’3 1 1.50 C.40 a

519 t 1.5C C.43% a

577t 1.40 0.6t a

917 1 1,35 - 0.4% G.3

343. 2 1.33 G.42 0.8

i3z 2 t.3% 0.53 0.4

0% 2 1,33 Q.42 g1

15t 1 1,28 -~ 0s55 0.t

575 tot.24 U.41 8

T3 1 1,24 C.43 0.25

51% 2 1,19 0.42 a

Tt 1,18 0.40 8

435 2 1,10 0.40 0.085

255 2 .06 - 0.40 Y

454 2 1.03 0.39 0.15

227 2 t,03 0.40 010

a8 gignifies absent.



