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Alsruct

4 to 1. The space-group is c2 oa-Pma.The eighteen parameters defining the atomic positions
were determined by calculation of the intensities of the diffraction lines of a powder photo-
graph (which had been rigorously indexed from the single crystal data), and of the difirac-
tion spots of weissenberg equator photographs of crystals rotating about the c- and 6-axes;
the positions of the atoms were confirmed by a Fourier projection of the structure on the
plane 001 made from a weissenberg equator photograph taken with the crystal rotating
about the c-axis. The gold (or silver) atoms are situated in (a) with z:0 (arbitrary), in
(c) with y1:0.319, zt:0.014, and in (d) with rz:0.124,y:0.666,2u:0.500; the tellurium
atoms are situated in (c) with y3:Q 018, zr:9.e42 and, ya:0.617, z+:O.042 and in (d) with
rs:0.003,  !s :0.699,  zs:0.042,  and f6:0.132,  !e:0.364,  za=0.500,  ̂ nd r , :0] lg,  !7
:0.964, zz:0'500' Each gold (or silver) atom is surrounded by six tellurium atoms, and
each tellurium atom is surrounded by three gold (or silver) atoms and three tellurium
atoms, or by five gold (or silver) atoms and one tellurium atom, or by one gold (or sitver)
atom and five tellurium atoms.

INrnooucrror.r

The atomic arrangement of krennerite has been determined in the
present investigationaby r-ray analysis of euhedral crystals from cripple
creek, colorado. The crystals had a metallic luster and pale yellowish
white color; their identity was confirmed by measurement on the two-

I A report on research carried out under the auspices of the Geophysical Laboratory of
the carnegie rnstitution of washington, the u. S. Geological Survey, and the office of
Naval Research. Published by permission of the Director of the u. S. Geological Survey.

2 Department of Geology, University of California at Los Angeles.
3 U. S. Geological Survey, Washington, D. C.
a rhe work of the senior autror was carried out mainly at the Geophysical Laboratory

of the Carnegie Institution of Washington while he was a member of the staff.
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960 GEORGE TUNELL AND K. J. MURA:IA

circle reflection goniometer. Euhedral crystals of krennerite have been

measured previously with the reflection goniometer by Krenner,s vom

Rath,6 Schrauf,T Miers,8 and Smith.e They found the symmetry of the

crystals to be that of the orthorhombic system. The values of the axial

elements calculated by the various authors are given in Table 1. Krenner

did not calculate axial elements, but his indices and angles imply the

same choice of axes, unit forms, and orientation as that of vom Rath.

Schrauf and Smith followed vom Rath's choice of axes and unit forms.

Tasre'l, Axrar Ernuoxts ol KnrNnpnItn DnrrnuINED BY PnrvroUs INvestrcerons

vom Rath
Schrauf
Miers*
Smith

0.9407
0.9396
0.9389
0.9369

0. 5045
0. 5073
0.5059
0. 5068

* Miers' values are here recalculated to conform with the orientation of vom Rath,

Schrauf, and Smith.

Miers followed vom Rath's choice of unit forms, but interchanged the

a- and 6-axes. The present x-ray analysis leads to unit cell dimensions

from which the followins axial elements have been calculated

a:b:c:1.875:  1 :0.506,

and these agree well rvith the morphological elements if the value of o

in the morphological elements be multiplied by 2. Thus the following

transformation is obtained:

vom Rath to Tunell and Murata 200/0|O/OOI.

Rotation and weissenberg equator and equi-inclination layer-line

photographs of krennerite were made with crystals rotating about the

a- and. c-axes and rotation and Weissenberg equator photographs with

a crystal rotating about the 6-axis. Copper K-radiation was used. Powder

photographs were made with filtered cobalt K-radiation and with filtered

and unfiltered copper K-radiation. A crystallo from Cripple Creek

measured previously on the two-circle reflection goniometer by Professor

M. A- Peacock, was rotated about the c-axis and a rotation photograph

was made. It was then oscillated 180o about the c-axis and equator and

5 Krenner, !. A..: Ann. d. Phys. u. Chem., 1,63G640 (1877)'
6 vom Rath, G.: Z. Kryst. Minera).,1,614-617 (1877).
? Schrauf, A.: Z. Kryst. Mineral.,2,235-239 (1878).
e Miers, IL A.: Minerahog. Mag.,9' 184-186 (1890).
e Smith, G. F. H.: Minerdog. Mag., 13,26+-267 (1903).
to Kindly supplied by Professors Palache and Peacock.
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equi-inclination layer-line Weissenberg photographs were made. The
crystal was developed prismatically and terminated by a cleavqge face
001; it was roughly rectangular in cross-section with dimensions 0.36
mm. and 0.60 mm. in the plane 001- A second crystal from Cripple Creek,
also measured previously on the two-circle reflection goniometer by
Professor Peacock, was rotated about the c-axis and an eguator Weissen-
berg photograph was made. This crystal was then remounted and ro-
tated about the b-axis and a rotation photograph and an equator Weissen-
berg photograph were made. It was remounted again and rotated about
the o-axis and a rotation photograph and Weissenberg equator and equi-
inclination layer-line photographs were made. This crystal was bounded
by a large basal cleavage at one end of the c-axis and predominantly by
large faces of the pyramid u at the other end of the c-axis; the prism I was
dominant in the vertical zone. The approximate dimensions of the
crystal in the o-, 6-, and c-directions were 0.90 mm., 0.90 mm., and 0.50
mm. A crystallr from the Vindicator Mine, Cripple Creek, Colorado
(U. S. National Museum No. 96647), measured on the two-circle reflec-
tion goniometer by Tunell was oscillated 180o around the c-axis and Weis-
senberg equator and equi-inclination layer-line photographs were made.
This crystal was elongated parallel to the c-axis and the diameters of its
cross-section were approximately 0.04 mm. and 0.08 mm. Powder
photographs were made with unfiltered copper K-radiation of one of the
crystals supplied by Professors Palache and Peacock. A powder photo-
graph was made with filtered copper K-radiation of crystals from the
Vindicator Mine (U. S. National Museum No. 96647). A powder photo-
graph of euhedral crystals from the Moose Mine, Cripple Creek, Colo-
rado, was made with filtered cobalt K-radiation.

Cnrurcar, Couposnron AND DENSrry

No complete chemical analysis or determination of the density of
crystallographically studied krennerite free from admixed impurities
had been made previously. Five euhedral crystals of krennerite from the
Moose Mine were therefore freed from adhering gangue in order to ob-
tain these data. One of theSe crystals had beeh measured on the two-
circle reflection goniometer; the other four had been observed to have
exactly the same habit. A few very minute crystals of pyrite attached
to these krennerite crystals could not be completely removed since they
were partly embedded in the krennerite crystals; the pyrite left in the
sample was believed to be insignificant in amount, however, and this
was confirmed by the analysis which shows only 0.05 per cent of iron.

The density of the five crystals (total weight of crystals,0.9476 g.)

11 Kindly lent by Dr. W. F. Foshag of the U. S. National Museur.n.
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was rneasured by means of the pycnometer described by Johnston and
Adams.l2 Since krennerite characteristically shows minute voids under
the binocular microscope on cleavage surfaces, the crystals were crushed
and their density was measured with specially purifred toluene as
pycnometer fluid, the pycnometer being filled under reduced pressure
to promote entrance of the fluid into the voids. All weights were reduced
to a vacuum. The value of the density found, corrected for the 0.05 per
cent of iron present as pyrite, is 8.63.

The crushed sample was analyzed by the following method. It was
dissolved in a minimum amount of aqua regia; the resulting solution

Tl^r.Lp 2. ANervsrs or KnrNmmre lnou Moosr MrNr.
Cnrppr-r Cnrnr<, Coroneoo

Per Cent Atomic Ratios

Au
Ag

Fex

Insoluble

3 6 . r 9
4 . 8 7

58 .50
.05
.09

99.70

3:lili)' "*' 
or 1 ooo

0.4584 0.4584 or 2.005

* The iron was derived from a small amount of pvrite that was Dresent as a contam-
inant.

was diluted until its acidity was about one normal and allowed to stand
overnight. Throughout the analysis a record was kept of the amounts of
acids used so that rough adjustments of the acidity could readily be
made.

Silver chloride, together with any residue unattacked by aqua regia,
v/as caught and weighed on a sintered glass filtering crucible. Its correct
weight was obtained by dissolving it from the crucible with warm dilute
ammonium hydroxide and reweighing, and the amount of insoluble
residue was obtained by subtracting from this second weight the known
weight of the crucible itself.

The filtrate containing gold, tellurium, and other constituents was
digested on the steam bath with hydrochloric acid to free it from nitric
acid. Gold and tellurium were precipitated together in a hot solution,
which was about three-normal with respect to hydrochloric acid, by
means of sulphurous acid and hydrazine, as described by Lenher and
Homberger.ls The precipitate was washed as rapidly as possible with a

12 Johnston, J., and Adams, L. H.: Jour. Am. Chem. Soc.,34,56G568 (1912).
13 Lenher, Victor, and Homberger, A.W.: Jour. Am. Chem. S0c..30, 387-391 (1908).
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very dilute solution of sulphurous acid until free from chloride. It was
treated in a beaker with a minimum amount of cold dilute nitric acid
to dissolve tellurium, leaving gold to be filtered ofi, ignited, and weighed.

The nitric acid solution of tellurium was evaporated to dryness on
the steam bath and then digested with dilute hydrochloric acid. The
element was reprecipitated as before in three-normal hydrochloric acid
solution, caught, and weighed on a sintered glass crucible. The filtrate
from this precipitation was reduced in volume and treated further wlth
sulphurous acid to recover any tellurium that passed through the
filter. The final filtrate was added to that from the combined precipitate
of gold and tellurium, treated with nitric acid, and placed on the steam
bath to evaporate. The difficulty arising from the tendency of precipi-
tated tellurium to oxidize and pass through the filter might perhaps be
overcome by determining the small amounts found in the filtrate by a
colorimetric method like that described by Pierson.la

The filtrate from the combined precipitate of gold and tellurium was
evaporated to dryness on the steam bath. The small amounts of silver
chloride and tellurous acid, which were apparent in the evaporated
residue, were determined after separation by means of dilute nitric acid.
The filtrate from the fi.nal recovery of tellurium was reduced to a small
volume, boiled with a few drops of nitric acid, and iron precipitated with
ammonium hydroxide, to be subsequently estimated as the thiocyanate.
The ammoniacal filtrate from the separation of iron gave no precipitate
upon being treated with hydrogen sulphide.

A partial analysis of krennerite crystals from a different specimen
from Cripple Creek (U. S. National Museum No. 96647) was also made
(weight of sample 0.1678 g.). One crystal from this specimen had been
measured on the two-circle reflection goniometer. The crystals analyzed
were hand-picked under the binocular microscope and identified by the
perfect cleavage perpendicular to the striated zone. The sample was be-
lieved to be very pure and this was confirmed by the analysis, no iron
or insoluble impurity being found.

The values of the atomic ratio of gold to silver determined by us,
namely, 4.07:l and 3.56:1, are rather close to that obtained by Sipiiczl5
for krennerite from Sic[rAmbu (Nagy-Ag), namely, 3.26:1. Sipdcz also
determined the densities of two samples of krennerite from Slc[rdmbu
(Nagy-Ag )to be 8.63 and 8.18. Th; analysis of Sipdcz shows that his
material contained the following percentages of impurities: quartz 2.29,
copper 0.33, iron 0.58, antimony 0.64; hence it is not surprising that while
one of his density values agrees with ours the other is considerably too

1a Pierson, G. G.: Inil. Eng. Chem., Anal. Ed., 6, 437439 (1934).
15 Sipiicz, L.: Math. €s Term. Tud. Ki)2.,20, 17+-176 (1885).
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low. The incomplete analysis of krennerite from Cripple Creek made by
Myerslo yielded only 0.45 per cent of silver. Since our two analyses of
krennerite from different mines in the Cripple Creek district and the
analysis of Sip6cz of krennerite from S[cdr6.mbu (NaSy-Ag) all yielded
a silver content of approximately 5 per cent, the existence of krennerite
at Cripple Creek of such low silver content seems doubtful.

Tesrt 3. ANervsrs or Knrwxrmrn tnou Vrwnrceron MrNr,
Cnpple Cnrnr, Cor.onaoo

(U- S- National Museum No. 96647)

Per Cent

Au
Ag
Te
Fe
Insoluble

3 5 .  1
5 . 4

Not determined
None
None

DBrnnurwarroN ol rrrD UNrr CRrr, axr Specp-Gnoup

The dimensions of the structural unit cell, all determined by purely
rcintgenographic measurements, are afl:16.54 A, bo:8.82 L, ,o:4.46 ;t,
all + 0.03 4." The volume of the unit cell is accordingly 650.6 At. Th.
density computed from the r-ray measurements with use of the average
of our two chemical analyses of krennerite from Cripple Creek is 8.86.18
This is in reasonable agreement with the density determined by us with
the pycnometer, namely, 8.63, and establishes the content of the unit cell
as 8(Au,Ag)Te2.

Diffraction efiects were obtained on the Weissenberg photographs from
the f ollowing planes : g00, 0u0, 0 g0, 00u, 00 g, )uu, 0u g, 0 gu, 0 gg, g0u, g0 g,
uu}, ugl, gu}, gg0, uutu, uug, ugu, ugg, guu, gug, ggu, ggg, where u denotes
any odd number and g denotes any even number. No difiraction effects
were obtained from the following: u00, u}u, u0g, a"lthough representatives
of each were in a position to difiract. Thus krennerite belongs to one of

16 Myers, W. S., (in) Chester, A.H.: Arn. Jour. Sci., (4) .5, 376 (1898).
rTBased on the wave-lengths: copper (a1, )r,:1.5405 A, copper Ka2, ),:1.5443 A;

copper KB1, \:13922 A. gn a preliminary report on the crystal structure of krennerite by
Tunell and Ksanda (Jour.Wash. Acad.. Sci.,26,507-509 (1936)), the dimensions of the unit
cell were given in kX units.)

18 The density p was calculated by the use of the equation

p:1.6f f i2AlV,

where )l is the sum of the atomic weights of the atoms in the unit cell and 7 is the volume
of the unit cell in 43.
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the following space-groups: C2,2-P2am, C2oa-PmQ, D21,5- Pmam;

which are characterized by the absence of diffraction effects from 2,100,

u\u, u\g, owing to the presence of a glide plane parallel to 010 with a

glide component oI af2.

DntnnnuNarroN oF rnB Arourc AnneNceuBxr

In his morphologic study of sylvanite and krennerite Schraufre noted

that the angles in one zone of sylvanite including its cleavage are closely

similar to the angles in one zone of krennerite including its cleavage.

The angles20 in these zones are as follows according to Schrauf:

Sylvanite mt:3lo 38', mr:42o M', ms:61" 35', m: cleavage:90",

Krennerite ar : 31" 4l', ap : {)o 48', oh : 61" 38', o : cleavage : 90o ;

the forms in Schrauf's table have the following indices referred to the

sylvanite axes of Tunell2l and the krennerite axes of Tunell and Murata:

Sylvanite m- l00ll, r- [013 ], r- \0l2l,s- {01 1 }, and
Krennerite a- [ 100 ], r- { 601 }, p- [4011, h- l20l l.

X-ray measurements by the authors have confirmed this analogy and

shown that it is even closer than Schrauf su-pposed. Thus the spacing

of the cleavage plane of sylvanite is doro: 4'49 42'z and that of the cleavage

plane of krennerite-is d6or:4.46 A. fne plane 001 of sylvanite has the

spacing door:8.30 A; Schrauf showed that the analogous plane oJ kren-

nerite is 100, and we have found that the spacing dno: t6.54 A, very

nearly twice the spacing of the plane 001 of sylvanite. The a-axis of

sylvanite has an identity period ao:8.96 A, and the analogous direction

of krennerite, the D-axis, has an identity period bo:8.82 A. Moreover,

the iltensities of the difiraction efiects from the analogous pairs of planes

001 of sylvanite and 100 of krennerite, and 010 of sylvanite and 001 of

krennerite are similar, as shown in Table 4. These facts strongly suggest

a basic similarity in the structures of the two minerals. The structure of

sylvanite can be described as consisting of lines of atoms parallel to the

a-axis lying alternately in or near the plane l:0 and near the plane y: |.
Along these lines the gold (or silver) atoms are separated by pairs of

tellurium atoms. Similar lines of atoms should therefore exist in krenner-

ite parallel to the b-axis and should lie alternately in or near the plane

1e Schrauf, A.: Z. Kryst. Minero|.,21209-252 (1878).
20 G. F. H. Smith found for these angles of krennerite ar--31" 381t, ap:[2" 45',

ah:6lo 35|', thus confirming the close similarity with the angles mt,mrrand rars of sylvan-

ite. Mi,neralog. Mog. 13,267 (1903).
2r Tuneli, George: Am. Mi'nera|,.,26,457477 (1941).
22 The dimensions of the unit cell of sylvanite reported by Tunell (op. cit.) were in kX

units, although they were given in A units in accordance with custom at that time.
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a:0 and in or near the plane s:|. Such a structure for krennerite would
be possible in the space-groups Cz,2-P2am and D21,5-Pmam only if the
atoms lay exact ly  in  the p lanes z:0 and u: ! .The p lanes z:0 andz: t

Teelr 4. Couplnrsor.r on fxrrNsrrrns or.Axlr,ocous Pr,eNns rN
Svt-vlxrrr aNo KnnnNrntte

Syivanite Krennerite

Cu K-
Radiation Spacing

1 6 . s 4  A
8 . 2 7
5 . 5 1
4 . 1 4
J . J I

2 . 7 6
2 . 3 6
2 . 0 7
1 . 8 4

Intensity
Cu K-

Radiation

arlqz

qt-l- 42

atlaz

a t laz

atl-qz

atlaz

q t laz

At

qI

AI

at lqz

dr+a2

atlaz

artd2
ql

.65

.50

.38

. 2 7

009

0 . 0 . 1 0

1 . 1 8
1 . 1 0
1 .03
o . 9 7
o .92
0 .87
0 .83

w
S

m
w
m

4 .46
2 . 2 3
1 . 4 9
1 . 1 l
0 . 8 9

are reflection planes in these space-groups and a slight displacement of
any atom from one of the planes a:0 or s:$ would require the presence
of an additional atom on the other side of the reflection plane. If the
atoms were situated in the planes z:0 and 7:I in a structure of this
type no odd order reflections should be present from the plane 001.
Such reflections are present, however, and therefore the space-groups
Q2o2-P2am and Dzns-Pma?/, mav be left out of consideration.

s .30  A

4 . 1 5

2 . 7 7

2 . 0 8

1 . 6 6

1 . 3 8

l .  t 9

1 . 0 4

0.92

0 . 8 3

4.49
2 . 2 5
1 . 4 9
t . t 2
0 . 9 0

100
200
300
400
500
600
700
800
900

1 0 . 0 . 0
1 1 . 0 . 0
1 .2 .O .O
1 3 . 0 . 0
14 .0 .0
1 5  . 0 . 0
1 6 . 0 . 0
1 7 . 0 . 0
1 8 . 0 . 0
1 9 . 0 . 0
20 .o .o

dl+d2

atlaz

atlaz

ar+az

qtlaz

d1+d2

ar-l-a2

ar*az

attqz

artd2

d\-f d2

arlaz

dr+d2
qtlqz

dl+d2

atlaz

atlaz

AI

dl

dl

dt-|a2

dtta2

ar-1-a2

aLtd2

ql

0
0
0
0
0
0
0
S

0
0
0
0
0
0
0
m
0
0
0

010
020
030
040
050

001
002
003
004
005

m
m
w
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Such a structure differs from that of sylvanite in one respect: in syl-
vanite the gold (or silver) atoms lie in a single series of parallel planes
that are perpendicular to 010 and parallel to the c-axisl in krennerite the
gold (or silver) atoms do not lie in a series of parallel planes but instead
Iie in or near a series of corrugated sheets. These corrugated sheets are
made up of two sets of parallel planes, both sets perpendicular to 001

-r-
.\
s

!

F-t-a.az,l -1
B

Fro. 1. Orthographic projections of the unit cell of krennerite. ,4. Top view. B. Front view.

C. Side view. Small circles-gold (or silver) atoms. Large circles-tellurium atoms.

and inclined at an angle of 35o to the D-axis, one set lying in the angle
between the positive end of the b-axis and the positive end of the o-axis
and the other set lying in the angle between the positive end of the
b-axis and the negative end of the o-axis. The corrugation of the sheets
of gold (or silver) atoms is caused by the presence of the reflection planes
a:| and r:f. The zigzag pattern of the corrugated sheets is clearly
evident in projection in Fig. lA and Fig. 3.

There are eight gold (or silver) and sixteen tellurium atoms to be
located in the unit cell. The space-group Czoa-Pma furnishes the follow'
ing sets of equivalent positions:

Oo
\, (,

ca)
Oo
o(,

o@o@
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(a) 002; ilz, (b) 0$z; itrz, (c) Lyz; lyz, (d) ryz; fryz; \-r, y, z1 !!r, j,2,23

of which (a) and (b) have the symmetry Cz-2, (c) the symmetry C"-M,
and (d) the symmetry Ct- 1. In krennerite gold (or silver) atoms are
situated in (a) with z:0 (arbitrary), in (c) with y1:0.319, zr:0.014, and

Frc. 2. Model showing the arrangement of the atoms in krennerite. The parailelepiped
represented by the outside wires is the unit cell. The longest edge represents the o-axis,
tJre edge intermediate in length represents the b-axis, the shortest edge represents the
c-axis. The grey spheres represent goid (or silver) atoms; the black spheres represent tel-
lurium atoms.

in (d) with rz:0.124, y2:0.666, az:0.500; tellurium atoms are situated
in (c)  wi th ye:0.018,  za, :O.042,  and ya:0.617,  za:Q.942 and in (d)  wi th
rs:0.003,  y5:0.699,  zs:0.042,  and 16:Q. lJ2,  ye:0.364,  zo:0.500,  and
n7:0.I19, y7:0.964, az:0.500. Orthographic projections of this struc-

23 As is customary, r denotes an atomic coordinate along the a-axis expressed as a
fraction of os; y denotes an atomic coordinate along the b-axis expressed as a fraction of
60; s denotes an atomic coordinate along the c-axis expressed as a fraction of co.
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Frc. 3. Fourier projection along the c-axis of the structure oI krennerite. The contour
map within the rectangle represents the projection on the plane 001 of one-fourth of the
unit cell. The peaks lettered Au represent gold (or silver) atoms; those lettered Te represent
tellurium atoms. Dotted lines are depression contours. The origin is in the upper left-hand
corner of the rectangle. The positive direction of the o-axis is from top to bottom of the
drawing; the positive direction of the 6-axis is from left to right; the positive direction of the
c-axis (which is perpendicular to the plane of the paper) is upward from the plane of the
paper.

ture are given in Fig. 1, and a model of the structure is shown in Fig. 2.
The intensities calculated from this structure are compared with those
observed in Tables 5, 6 and 7. Table 5 contains the observed and calcu-
lated intensities of diffraction lines in a powder photograph taken with
Co K-radiation filtered through iron foil. The indexing of the powder
photograph was carried out rigorously by use of the unit cell dimensions
obtained from the single crystal Weissenberg photographs. Table 5 lists
in decreasing order the calculated and observed spacings- and intensities
of all planes the spacings of which are greater than 1.28 A, together with
the observed spacings and intensitie's of the remaining lines of the powder
photographs. The intensities 1, of the lines on the powder diffraction
film taken with filtered radiation were calculated from the formula

.  1 + cos229 . ,  _ ,/ " : ; - r r ; ; " t l  F l "

wherc 20 denotes the angle between the incident and diffracted beams,
F the structure factor, and j the number of cooperating planes. On the
powder photograph the ar and az lines were not resolved. Tables 6 and
7 contain the observed and calculated intensities'of difiraction spots in
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Tnnr,n 5, Rnlarrvr fllrnxsrrrns+ ol rnn X-Rev Drrlnecrror.r Lntrs or KnenNrnrre
lnou e Pownrn Pnorocneprr TaxnN wrn Ftttenro Connl:r K-Reoratrox

Indices
(hkt)

Spacing
(calculated)

Relative
intensity

(calculated)

Relative
JDACINq

lntensltv
(measured)

(observed/

100
010
200
110
210
300
310
001
020
101
120
400
011
201
220
111
410
211
301
320
500
3l l
021
510
121
401
420
030
221
130
4lr
230
600
321
501
520
610
330
511
421
031
131
$0

16.s4 A
8 . 8 2
8 . 2 7
7  . 7 9
6.04
5  . 5 1
4.69
4 . 4 6
4 . 4 1
4 3 1
4 . 2 6
4 . r 4
3 .98
3 .93
3 .89
3 . 8 7
J . / J

3 .59
3 .47
3 . M
3  .31
3 .23
3 . 1 4
3 . 1 0
3 .08
3.03
3 .02
2.94
2 .93
2 .89
2 . 8 7
2 . 7 6
2 .76
2 .73
2 . 6 6
2 .65
2 .63
2 . 5 9
2 .54
2 .50
2 .45
2.43
2 .39

10

3 . 9 4

3 .88

3 .03

2 . 9 4

0 .00
.03
.00
.02
.61
.00
.68
. 1 0
.00
.00
.01
.00
. 181
.001
.001
.ssj
. 1 4
. 1 5
.00
.00
.00
.02
.00
.09
.02

10.00\
.001

3 .62 i
.$l
.04
.02
.00
.00
.00
.00
.02
.00
.01
.00
.00
.03
.04
.00

6.08  A

4.69
4 . 4 7
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Trarn S-Conti.nueil

Indices
(hht)

Spacing
(calculated)

Relative
intensity

(calculated)

Relative

,SPacrng, ,  intensi ty
{measureo}

(oDserveo.,

700
231
601
620
710
521
6tl
331
002
r02
040
530
IN
012
202
L12
240
431
212
701
720
621
800
302
340
7rr
810
3t2
630
022
041
122
531
402
t4l
440
222
241
41)

72r
801
322
820
341

2 . 3 6
2 . 3 5
z . J . )

2 . 3 4
2 . 2 8
2 . 2 8
2 . 2 7
2 .24
2 .23
2 . 2 1
2 . 2 0
2 . r 9
2 . 1 8
2 . 1 6
2 . 1 5
2 . r 4
2 . 1 3
2 . 1 1
2 .09
2 .09
2 .08
2 .07
2 .07
2 . 0 7
2 .O4
2 .03
2 . 0 r
2 . 0 t
2 . W
r .99
1 .98
1 . 9 8
1 . 9 7
r . 9 6
1 .96
r .94
1 .93
r . 9 2
t .92
1 .89
1 .88
r . 8 7
1  .87
1  .86

2 .35

2 .23

00.l
.001
.001
.02)
.01
.01
. 1 9
.07f

1 . e 7  )
.00
.00
.02
.00
.00
.00
.00
. 1 4

< L )

.09

.00

.001
n ? l

1 . s e {
.00J
.39
. 2 1
.00)
. l s f
.00J
.00
.231
. 0 1 1
.01  |
.08]
. s7  )
. 21
.04)
. 101
.OsJ
.00
.02
.00
.00
.01

2 . 1 6

r . 9 7

t . 9 2
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Ttrrn S-Continued,

Indices
(hkt)

Spacing
(calculated)

Relative
intensity

(calculated)

Relative
Jpacrng

rntenSttV
(measuredJ

(oDservedJ

502
900
7s0
8 1 1
631
540
512
910
422
Ml
032
r32
050
150
232
602
82t
250
640
522
7sr
612
901
541
920
332
830
350
917
10 .0 .0
051
432
l .) r

1 0 . 1 . 0
702
450
622
740
251
641
712
921
831
351

r  . 6 5

1 . 8 4
1 .84
r . 8 4
1 .83
1 .83
1  . 8 1
1 .80
r . 7 9
r . 7 8
r . 7 8
r . 7 7
r . 7 6
| . 7 5
| . 7 4
r . 7 3
r . 7 s
r . 7 2
1 . 7 2
1 . 7 r
1 . 7 0
r .70
r . 7 0
r . 7 0
r . 7 0
r .69
1 . 6 9
1 .68
1 . 6 7
1 .65
1 . 6 4
1 .63
I . O J

I  .63
1 . 6 2
1 . 6 2
r . o l
| . 6 1
1  . 6 1
I  . 6 1
r . 6 0
1 . 5 9
I  .58
r . s7

.001

.00  |
t

.03 |
nL(' " ^ l

.00 i
I

.24)

.u+

.00

.001

.00|,
r . s2 l
.02)
.00
.001
.001
.00[
.00J
. 01
.02
.01

.02
.00
.00
.06
.02
.05
.00
.00
.02
.00
.02
. l o

.00

.01

.01

.00

r . 7 8

1 . 6 9
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T'l'nr.a S-Continued

Indices
(hkt)

Spacing
(calculated)

Relative
intensity

(calculated)

Relative
JDaClng

rntensrtV
(measured)

(observed)

M2
<I'.)

142
930
550
10  .0 .  1
10 .2 .0
242
1 0 . 1 . 1
+ J l

722
802
t + l

342
840
1 1 . 0 . 0
81.2
632
003
o5u
1 1 . 1 . 0
103
931
551
M2
013
10 .2 . r
060
203
160
113
2ffi
213
10 .3 .0
303
822
841
1 1 . 0 . 1
1 1  . 2 . 0
732
360
902
542
313

1 . . ' ) /

r . 5 7
I  . 5 6
1  . 5 6
1  . 5 5
1 .55
1  . 5 5
1 .54
1 . 5 3
t . 5 2
7 . 5 2
r . 5 2
1 . 5 2
1  . 5 1
1  . 5 1
I  .50
1 . 4 9
1 . 4 9
1 . 4 9
7 . 4 8
7 . 4 8
1 . 4 8
1 . 4 7
1 . 4 7
1 . 4 7
r . 4 7
1 . 4 6
r .47
1 . 4 6
1 . 4 6
r . 4 6
1 . 4 5
L.44
1 . 4 4
1 . M
1 . 4 3
1 . 4 3
l . + J

1 . 4 2
r .42
1 . 4 2
1 . 4 2
1 . 4 2
1 . 4 2

1 . 5 2

1 .47

.00

.01

.01

.00

.01

.00

.00

.09

.00

.02

.00

.00

.00

.08

.00

.00

.03

.00

.00

. r 7

.00
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TrnLn S-Continueil

Indices
(hkt)

Spacing
(calculated)

Relative
intensity

(calculated)

Relative
Jpacrng

lntensltv
(measuredJ' (oDserveo,

750
651
9+0
o23
1 1 . 1  1
t23
912
403
061
r61
223
052
460
4r3
1 2 0 0
152
261
10 .3  .  1
323
252
642
12 . r . 0
t l . 2 . l
503
361
922
832
/ J I

941
352
560
850
J I J

1 1 . 3 . 0
423
1 0 . 0 . 2
033
461
I J J

10 .4 .0
1 2 . 0 . 1
12.2.0
10.1 .2
4 \ )

t . 4 l
r . 4 1
t . 4 l
1 . 4 1
r . 4 l
t . 4 n
t .40
1 . 4 0
1.4n
1 . 3 9
t . 3 9
1 . 3 8
1 .38
1 .38
1 .38
1 . 3 8
1 . 3 8
t - J r

r 3 7
l . J o

1  . 3 6
r . .)o
1  . 3 6
1 . 3 6
1 . 3 5
I . J . )

1 . 3 5
I . J J

1 . 3 5
1 . 3 4
r . 3 4
1 . 3 4
r . 3 4
r .34
1 .33
I . J J

1 .33
1 . 3 2
r . 3 2
t . 3 2
L . J L

1 . 3 2
1 . 3 1
1 . 3 1

1 . 4 0

I  . 3 5

I . J J

.00

.00

.00

.00

.01

.00

.00

.00

.03

.02

.01

.00

.00

.021

.001
1 . 1 8 I
. 0 1  L
,  " |. T J ]

.01

.01

.00

.00

.00

.00

.00

.03
- J 4

.01

.06

.70

.00

.06

.00
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Trr:r S-Conti.nueil

Indices
(hkt)

Relative
SpaclnA

(caiculated) . 
tnt"ltt.tY

(calculated)

Relative
JDaClng

lntenslty
(measured)

(oDserved.)

233
603
1 n n

12 .1  . t
523
660
613
333
561
851
1 1 . 3 . 1

1 . 3 1
1  . 3 1
1 . 3 1
1 .30
1 . 3 0
1 . 3 0
1 . 3 0
1 . 2 9
1 . 2 9
1 . 2 9
1 . 2 8

.00

.00

.01

.00

.01

.00

.04

.01

.00

.00

.03
t .268
r.25r
1.232
r . 2 1 2
1 . 2 0 2
r . t79
1 . 1 6 5
1.120
1.089
1 .082
r .o74
1.061
1.048
1 . 0 3 6
1 . 0 1 5

.999

.983

.977

.97r

.965

.959

.941

.935

z

2
A

1
1
2

a

1
1 Broad
z

I
J

t
2

2
1

2

1
2
2
1

I
2
1z

* The intensities were estimated visually on a scale of ten, where ten represents the in-

tensity of the strongest line.

two Weissenberg equator photographs with the crystals rotating about
the D- and c-axes. The intensities 1. of the a1 spots (where the ar and
a2 spots were resolved) on the Weissenberg equator films were calculated
from the formula

|  *  cosz20 ,
L , . :  -  - - l  F l 2-  

s\n20
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Tesr.r 6. Rrr,errvn fNmNsrrrrs or X-R,lv Dmlnecrrox Spors ruou a. WrrssnNtnnc
Eeunron Prorocnepu or KnrNNnurn TareN wrru TrrE Cnvsrlr, Rorlrrnc

ArouNl rur b-Axrs

Indices
(hhr)

Relative intensity
CuK-radiationt

(Observed)x (Calculated)

Spacing
(calculated)

005
205
405
605
805
004
204
404
604
804
1 0 . 0 . 4
1 2 . 0 . 4
14.0.4
003
203
403
603
803
1 0 . 0 . 3
1 2 . 0 . 3
1 4 . 0 . 3
1 6 . 0 . 3
002
202
402
602
802
10 .0 .2
t 2  . o . 2
14.O .2
16.O .2
18 .0 .2
001
201
401
601
801
1 0 . 0 .  1
7 2 . O . 1
t 4 . o  - l
1 6 . 0 . 1
1 8 . 0 .  1
2 0 . 0 .  I
200
400
600
800
10 .0 .0
12.O.O
1 4 . 0 . 0
1 6 . 0 . 0
1 8 . 0 . 0
20 .0 .0

0.seA
0 . 8 9
0.  87
0 . 8 5
0 . 8 2
1 . l t
1 . 1 0
1 . 0 8
1 0 3
0 . 9 8
0 . 9 3
0 .  8 7
0 . 8 1
1 . 4 9
1 . 4 6
1 . 4 0
l . J l

1 . 2 1
1 . 1 1
I  . 0 1
0 . 9 3
0 .  8 5
z .  z J
2 . 1 5
1 . 9 6
t .  , J

| . 5 2
1  . 3 3
| . 1 7
1 . 0 4
0 . 9 4
0 . 8 5
4 4 6
3 . 9 3
3 0 3
Z . J J

1 ,88
1  . 5 5
1 . 3 2
1 1 4
1 . 0 1
0 . 9 0
0 . 8 1
8 . 2 7
4 . 1 4
2 . 7 6
2 . O 7
1 . 6 5
1  . 3 8
1  . 1 8
1 . 0 3
0 . 9 2
0.83

. 1 5

.00

.61

.00

.22

.72

.00

.08

.00

.62

.00

. 1 0

.00

. 1 4

.00
1 . 7 7
.00
.08
.00
.65
.00
.06

.00

. l J

.00
2 . 2 6

.00

.04

.00

.68

.00

. l J

.00
10.00

.00

.03

.00
1 5 7
.00
.01
.00

1 . 2 3
.00
.00
.00

4 8 1
.00
.00
.00

1 .03
.00
.01

q l

q l

d l

d l

q l

4 t

a \

q1

Al

q1

q l

A l

A1

qt laz

ar*az
at laz
qrlqz

atlaz
at*az

Al

A l

d1

arlaz
a t laz
atf-az
q t laz

ar|-az
attaz
a1{1az
ar+42

d1
d l

at laz
atlaz
dr t42
at laz
ar-faz
d t tdz
atlaz
d t taz
arf d2

a\
A l

qt*az

at+az
at lqz
q t laz
q t laz

a t lez
a t laz
qt|-az

q1

d l

w
w
m
m

w

w

m
w
m
w

w

w
w
w
w
w

m
w

0
m
0
0

m

0
0
s
0
0
0

0
0
0
m
0

* Denotation of symbols: s, strong; m, medium; w, weak.

t The symbol ar*az denotes an unresolved spot resulting from e1 and a2 rays together;
the symbol a1 denotes a spot resulting from a1 rays alone.
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Taslr 7. Rnr,.q.nvn IxroNsrtrps ol X-Rav Drr'ln,tcrror.t Spors rtou A WETssENBERG

Equaron Pnorocnapn ol KnnNNenrta Taxeu wrrrr rHE Cnvsr,qr- Rornrrxc

Anour,o rnn c-Axrs

Relative intensity
Indices

(hkr.)
Spacing

(calculated)
CuK-radiationt

(Observed)* (Calculatec,

0 . 1 1 . 0
1 . 1 1 . 0
2 . 1 1  . 0
3 . 1 1  . 0
4 . 1 1 . 0
0 .  1 0 . 0
1  .  1 0 . 0
2 . 1 0 . 0
3  .  1 0 . 0
4 . 1 0 . 0
5  .  1 0 . 0
6 . 1 0  0
7 . 1 0 . 0
8  .  1 0 . 0
9 . 1 0 . 0
090
190
290
390
490
590
690
790
890
990
1 0 . 9 . 0
1 1 . 9 . 0
t 2 . 9 . 0
080
180
280
380
480
580
680
780
880
980
1 0 . 8 . 0
1 1 . 8 . 0
12.8 .O
1 3 . 8 . 0
1 4 . 8 . 0
070

0 . s 0  A
0 .80
0 . 8 0
0 . 7 9
0 . 7 9
0 . 8 8
0  . 8 8
0 . 8 8
0 . 8 7
0  . 8 6
0 .85
0.  84
0.  83
0 8 1
0 . 7 9
0 . 9 8
0 . 9 8
0 . 9 7
0 . 9 6
0 . 9 5
0 . 9 4
0 . 9 2
0 . 9 0
0 . 8 8
0 . 8 6
0 .84
0 . 8 2
0 . 8 0
1 . 1 0
1 . 1 0
1 . 0 9
1 . 0 8
1 . 0 6
1 . 0 4
r .02
1 .00
0 .97
0 .94
0 .92
0 .89
0 .86
0 .83
0 .80
1 . 2 6

.03

.01

.03

.01

.02

.01

.01

.03

.36

.60
A 1

.03

.00

.01

.01

.06

.00

.00

.00

.00

.00

.00

.01

. 1 8

.02

.00

.00

.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.00
.01
.00
.00
.00
.02
.00

dI

d1

Al

ql

dI

al

q l

d\

al

dl

al

dl

aI

al

AI

ql

q1

el

aI

ql

ql

4l

dl

a7

dl

d l

4l

ari_a2

at+d2

a t l a z

qtta2

at l ,az

qrtaz

a t l a z

at+a2

at laz

at laz

dl

dL

al

dI

dl

ar+d2

w
w
w
w

0

w
s
S

S

m
w
0
w
m
0
0
0
0
0
0
w
m
0
0
0
w
0
0

0
0
0
0
0
0
0

0

0
0
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Trnt-e 7-Continaed

Indices
(hkt)

Spacing
(calculated)

Relative intensity

(Observed) (Calculated)
CuK-radiation

170
270
370
470
570
670
770
870
970
1 0 . 7 . 0
l l  . 7  . o
12 .7 .0
r s .7  .o
1 4 . 7 . 0
1 5 . 7 . 0
1 6 . 7 . o
060
160
260
360
460
560
660
7ffi
860
960
1 0 . 6 . 0
1 1 . 6 . 0
1 2 . 6 . 0
1 3 . 6 . 0
14.6 .O
1 5  .  6 . 0
1 6 . 6 . 0
1 7 . 6 . O
050
150
250
350
450
550
650
750
850
950

| . 2 6
1 . 2 4
1 . 2 3
1 . 2 0
1 . 1 8
r . t 4
1 . 1 1
r . 0 7
1 . 0 4
1 . 0 0
0 . 9 6
0 . 9 3
0 . 8 9
0 . 8 6
0.83
0.80
1 . 4 7
1 . 4 6
r .45
r .42
1  . 3 8
r . 34
1 .30
1 . 2 5
r . 2 0
1 . 1 5
1 . 1 0
1 .05
1 .00
0 .96
0.92
0 .88
0.84
0 . 8 1
r . 7 6
l .  / 5

r . 7 2
1 .68
r .62
1  .55
r .48
l . 4 l
1 . 3 4
r . 2 7

.00

.08

.48

.48

.40

.04

.00

.00

.01

. 1 0

.28

.26

.22
.01
.00
.01

r . 0 2
.02
.00
.01
.00
.02
.00
.u5
.63
.00
.00
.00
.00
.03
.00
.08
.50
.01
.00
.01
.03
.02
.00
.02
.01
.00
.00
.00

artd2

urfa2

qtlqz

atlaz

arlaz

atlaz

at*az

a*az

dttaz

dr-1. 42

al

Al

dl

41

al

ql

aylaz

qrl-az

arlaz

artq2

artd2

arlaz

qrlaz

aftaz

dr+q2

drtaz

arlaz

ar-f az

drtd2

attd2

al

4l

dl

Al

a r * a z

ar*az

arlaz
alfd2

atlaz

a t tqz

atlqz

arlaz

ar*,az

at*az

0
w
m
m
m
w
0
0

w
m
m
m
w
0
w
s

0
w
w
Iry
w
w
m
0
0
w
w
0
0
m
m
w
0
0
w

0

w
w

0
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TrnLE 7-Continued

Indices
(hkI)

Spacing
(calculated)

Relative intensitY

(Observed) (Calculated)

UUI{.-raclratlon

10  .5 .0
11  .  5 .0
1 2 . 5 . 0
13  .5 .0
l + . 5  . u
1 5 . 5 . 0
16 .5 .0
17  .5  . 0
18 .5  . 0
040
140
240
340
MO
540
640
740
840
9n
10 .4 .0
1 1 . 4 . 0
12 .4 .O
13  .4  . 0
14.4.O
15 .4 .0
16 .4 .0
1 7 . 4 . 0
18  .4 .0
19 .4 .0
030
130
230
330
430
530
630
730
830
930
1 0 . 3 . 0
1 1  . 3 . 0
t 2 . 3 . 0
1 3 . 3 . 0
14 .3 .0

t . 20
t . t 4
1 .08
1 .03
0 .98
0 .93
0 .89
0  .85
0  .81
2 .20
2 . t 8
2 . t 3
2 .04
r .94
1 .83
r . 7 2
1 .61
1  . 5 1
t . 4 l
T . J Z

r . z +

L - l l

1  . 1 0
1 . 0 4
0.98
0 . 9 3
0 . 8 9
0 . 8 5
0 . 8 1
2.94
2 . 8 9
2 . 7 6
2 . 5 9
2 . 3 9
2 . t 9
2 . O l
1  .84
r . 6 9
I  . 5 0

I , M
| .34
r . 2 4
1 . 1 6
1 .09

.01

.02

.00

.00

.01

.00

.00

.00

.01

.01

.01

.26

.80

.48
<L

.06

.01

.00

.00

. r 7
1,)

. 1 3

.10

.00

.00

.00

.00

.18

.46
10.00

.05

.00

.02

.00

.04

.00

.07
3 . 2 1

.01

.00

.00

.00

.02

.00

d l td2

ar*az

d l td2

arlqz

a t laz

a t laz

drtd2

dl

41

al laz

dr+ dz

at laz

drtdz

d r t d 2

dL-f d2

dr-f d2

d1td2

attaz

at lqz

attaz

arlaz
ot*oz

d r t d 2

arlaz

drf  d2

atlaz

ar-Td2

dt

dL

at1.a;z

at*az

dt+d2

arlaz

at*,az

drtdz

arlaz

dt-f az

dr+d2

at*ez

dr+dz

at*az

at*qz

at laz

ar*az

w
0
w
w
w
w
0
0
0
w
w
m
m
m

0
w
w
m
m
m

0

m
m
S

w
0
0
0

0
w

0
0

w
0
0
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Trr.tn 7-Continued

Indices
(hkt)

Spacing
(calculated)

Relative intensity

(Observed) (Calculated)
CuK-radiation

1 5 . 3  . 0
1 6 . 3 . 0
1 7  . 3  . 0
1 8  . 3  . 0
1 9 . 3 . 0
20 .3  .0
020
t20
220
s20
420
520
620
720
820
920
1 0 . 2 . 0
t l  . 2 . 0
1 2 . 2 . 0
1 3 . 2 . O
14.2 .O
1 5 .  2  . 0
1 6 . 2 . O
1 7  . 2 . 0
1 8 . 2 . 0
1 9 . 2 . 0
2 0 . 2 . 0
010
1 1 0
2ro
310
410
510
610
7r0
810
910
1 0 . 1 . 0
1 1 . 1 . 0
12.1  .0
1 3 . 1 . 0
1 4 . 1 . 0
1 5 .  1  . 0
1 6 . 1 . 0
1 7  . 1 . 0
1 8 . 1 . 0

1  .03
0 . 9 7
0 . 9 2
0 . 8 7
0  . 8 3
0 . 7 9
4 . 4 1
4 . 2 6
3 . 8 9
3 . M
3 . 0 2
2 . 6 5
2 . 3 4
2 . O 8
1  . 8 7
I  . 7 0
1  . 5 5
1 . 4 2
L . J Z

t . 2 2
t . t 4
r . 0 7
r  .00
0.  95
0 . 9 0
0 . 8 5
0 .  8 1
8 . 8 2
7  . 7 9
6.O4
4.69
J .  / J

- ? . 1 0
2 . 6 3
2 . 2 8
2 . 0 1
1 .80
t . 6 3
1 . 4 8
r . 3 6
1 . 2 6
t . r 7
1 .09
1 . 0 3
0 .97
0 .91

.05
1 . 0 9
.00
.00
.00
.02
.00
.00
.00
.00
.00
.03
.03
.00
.00
.00
.00
.01
.01
.01
.01
.00
.00
.00
.01
.02
.00
.03
.01
.40
. J /

. l o

. t 2

.01

.01

.00

.00

. 1 3
-  r 5

.02

.01

.00

.01

.00

.00

. 1 1

atlaz

a t laz

dt-| d2

arloz

d1

d l

atlaz

atlaz
qtlaz

dltd2

at laz

at-faz

atiaz
qt1- q2

at*az

at*az

artd2

at+dz
qr-faz

atlaz

a t laz

a t *az

dtfd2

at lqz

atlaz
q1

Al

ar*az

ar+42

d1td2

dt+d2
qt*az

dl-f d2
qt *az

ar*qz

dtf a2

a1+d2

at*az
qtlaz

at*.az

etfd2
qt*az

at*az

al+d2

a*az

arlaz

w

S

0

0
0
0
0
0
w
w
0
0

0
0
0

0

w
0
w
0
0
w

0
0
0
w
w

w
0
0
0
0
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Trl.tn 7-Continueil

Indices
(hkt)

Spacing
(calculated)

Relative intensity

(Observed) (Calculated)
CuK-radiation

1 9 . 1 . 0
2 0 . 1 . 0
100
200
300
400
500
600
700
800
900
10 .0 .0
1 1 . 0 . 0
12  .0  . 0
13  .0  . 0
14 .0 .0
1 5  0 . 0
1 6 . 0 . 0
1 7 . 0 . 0
1 8 . 0 . 0
19  .0  . 0
20 .0 .0

0 . 8 7
0 .82

16.54
8 . 2 7
5 . 5 1
4 . r 4
3  . 3 1
2 . 7 6
2 . 3 6
2 . 0 7
1 .84
1  . 6 5
1  . 5 0
1 .38
r . 2 7
1  . 1 8
1 . 1 0
1 .03
o .97
0 .92
0 .87
0 . 8 3

. 1 2

.01

.01

.00

.00

.00

.00

.00

.00
6.43

.00

.00

.00

.00

.00

.00

.00
1 .38
.00
.00
.00
.02

q1

d t

a t l a z

dr+d2

arlaz
arlotz
at*az

atlaz

or*.az

atlaz

atlaz

ar*az

atlqz
qltd2

attaz

allaz

at*az

atlaz

a t laz

a t lqz

dl

q l

m

0
0
0
0
0
0
0
m
0
0
0
0
0
0
0
S

0
0
0
w

* Denotation of symbols: s, strongl m, medium; w, weak.

t The symbol a1{a2 denotes an unresolved spot resulting from a1 and d2 rays together;

the symbol ar denotes a spot resulting from a1 rays alone.

and the intensities 1. of the unresolved a1 and d2 spots on the same films

from the formula

I* :  r .s1 +f82! 
1 n1,.

sln zu

The atomic /-values of James and Brindley2a were used except that in

view of the substitution of silver atoms for some of the gold atoms' a

composite value made up of 79 per cent of the/-value of gold and 21 per

cent of the/-value of silver was used in place of the/-value of gold- No

correction was made for absorption. However, it was observed that an

equator Weissenberg photograph of a very small crystal (of cross section

0.04 mm. by 0.08 mm.) exhibited relative intensities closely similar to

those of a considerably larger one (of cross section 0.36 mm. by 0.60

mm.), both crystals being oscillated about the c-axis. The intensities

used are relative and were estimated visually- For computation of a

Fourier series leading to the construction of the projection of the struc-

2a James, R. W., and Brindley, G.W.: Z. Krist.,78,475 (1931).
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t ure on the plane 001, the intensities on the Weissenberg equator photo-
graph taken with the crystal rotating around the c-axis were used, and
these were obtained by visual comparison of the diffraction spots on the
film with a standard scale of spots prepared in the Department of Chem-
istry of The Johns Hopkins University.2s On this standard scale the in-
tensities are taken to be proportional to the exposure times of the spots
to a beam of constant energy output. The observed intensities obtained
by comparison with the standard scale were multiplied by 2/3 for the
spots in which the arcz-doublet is not resolved to reduce them to the
same basis as the spots due to arradiation alone. The resulting values
divided by the Lorentz and polarization factors yielded numbers pro-
portional to the squares of the absolute values of the structure factors.
The square roots of these numbers were extracted and positive and nega-
tive signs were affixed in accordance with the signs of the F's obtained
from the structure arrived at by comparison of observed and calculated
intensities. The experimental F-values are listed in Table 8, along
with the calculated F-values, which are given for comparison. The syn-
thesis of the two-dirnensional Fourier series was carried out by the
method divised by Patterson26 and improved by Patterson and Tunell.27
The values ol A(r, y):p(x, y)+K, where p(r, y) denotes the projected
electron density and K denotes a constant, were computed at 900 points
in the quarter projection, corresponding to division of each of the unit
cell edges into 60 parts. Vertical sections were drawn along the lines of
the grid work parallel to the 6-axis, and from them a contour map of
A(*, y) was plotted (Fig. 3). The positions of the atoms found from the
contour map are as given at the beginning of this section.

DrscussroN oF TrrE Arourc AnneNcBuBNr

In the krennerite structure each gold (or silver) atom is surrounded
by six tellurium atoms. The orientation of the distorted octahedra is
most easily seen from Fig. tA. Two neighbors of each gold (or silver)
atom have their centers situated nearly on a line passing through the
center of the gold (or silver) atom parallel to the b-axis; the other four
neighbors have their centers not far from a plane passing through the
center of the gold (or silver) atom perpendicular to the b-axis. The tel-
lurium atoms also are surrounded by six neighbors, in some cases by
three gold (or silver) atoms and three tellurium atoms, in others by five
gold (or silver) atoms and one tellurium atom, and in still others by one

25 The writers are indebted to Dr. David Harker for the use of this scale.
s Patterson, A. L.: Phil,. Mag. (7),22, 753-754 (1936).
27 Patterson, A. L., and Tunell, G.: Am. Mineral.,27,655-679 (1942).
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gold (or silver) atom and five tellurium atoms. fn all cases two neighbors
of each tellurium atom have their centers situated nearly on a hne
through the center of the tellurium atom parallel to the 6-axis; the other
four neighbors have their centers not far from a plane through the
center of the tellurium atom perpendicular to the 6-axis. The distances
between the gold (or silver) and the tellurium atoms are 2.66,2.99,2.99,
2.61,  2.63,  2.87,  3. I5,  2.9 5,  3.22,  2.66,  2.63,  2.9 1,  and 3.04 A.  The d is tances
be tween  the  te l l u r i um a toms  a re  3 .51 ,3 .08 ,3 .34 ,  3 .54 ,3 .02 ,3 .28 ,  and
3.54 A. Ail these distances are shown in Fig. 1,4. The structure can be
described as consibting of lines of atoms parallel to the b-axis. These lines
a re  a t  x :0 ,  z :0 ,  a t  x :0 . I 24 ,  z :0 .500 ,  and  a t  r : 0 .250 ,  z :0 .0 t4 .
Along each oI these lines gold (or silver) atoms are separated by pairs of
tellurium atoms, the gold (or silver) atoms lying exactiy on the line and
the tellurium atoms close to it. The gold (or silver) atoms also lie in cor-
rugated sheets with two layers of tellurium atoms, in similar corrugated
sheets, between successive corrugated sheets of gold (or silver) atoms.
The zigzag pattern of the corrugated sheets is clearly shown in pro-
jection on the basal plane in Fig. 1,4.
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