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SmiMAffif 



summ 

x 
The structure of the solid foxn of arsenome thane was in¬ 

vestigated by an x-ray diffraction study of single crystals. It 

has monoclinic symmetry, and observation of systematic extinctions 

indicates the space group - P2i /n. The unit cell dimensions 

are: 

a^ • 8,8Q - *04 % 
&2 sl2*55 — .03 ^ 

a3 sll.61 t .03 i 

<*2 =101°46» J 5» 

Fourier-Patterson methods as well as Harker-Kasper inequalities 

were applied without leading, at the present, beyond finding 

several trial structures. 

II 

Single-crystal measurements were also made on a hydrated 

basic copper, magnesium, calcium carbonate mineral. The x-ray 

diffraction patterns exhibited monoclinic symmetry, and the sys¬ 

tematic extinctions observed indicated space group c|| - Aa or 

c|h A2/a. The unit cell dimensions are: 

ai — 8.24 £ .03 SI 
a2 s U.80 t .03 i 
a3 s 10.Og £ .04 % 

0C2 s IO7.3 J 0.5° 

Ho further structure analysis was made on this mineral. 
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I. THE CRYSTAL STRUCTURE OP ARSENOMETHANE 

1. INTRODUCTION 

The therapeutic value of the derivatives of arsenobenzene 

makes its structure and that of related arseno-compounds of con¬ 

siderable interest. Several of the arseno-compounds have been 

prepared, and varying degrees of polymerization by formation of 

As-As bonds have been assigned to them on more or less solid 

grounds. Auger (1) was the first to report the preparation of 

arsenomethane, to which he gave the formula (AsCH^)4. This for¬ 

mula was based on a cyroscopic measurement of tne molecular weigxxt 

in benzene solution under an atmosphere of CO£ . Steinkopf, et, 

al. (2) made corrections for the COg dissolved and arrived at a 

value of five for the degree of polymerization. Other homologues 

have been investigated by Steinkopf and Dudek (3), who synthesized 

arsenopropane, for which they offered the formula (AsCsH?)5, and 

by Hedberg, Hughes, and Waser (4) whose crystal structure analysis 

showed arsenobenzene to be a six-membered ring of (As-^) groups* 

Studies on arsenomethane by Waser and Schomaker (b), using 

vapor density measurements and electron diffraction of the vapor, 

were not conclusive, although, for example, a pucxered, five- 

membered ring of arsenic atoms with a As-As-As bona angle of 90° 

was compatible* with their data* 

This paper will describe a single-crystal x-ray diffraction 

study of the structure of arsenomethane* 



2. SYNTHESIS AND CRYSTAL FORMATION 
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2. SYNTHESIS AND CHYSTAL JftWUATIGH 

Arsenomethane was prepared by heating sodium EE thyl arsenate 

with hypophosphorous acid in a carbon dioxide atmosphere at 70° C 

on a water bath for two or three hours* The sodium methyl arsenate 

had previously been obtained from refluxing tri-sodium araenite 

with methyl iodide for a couple of hours. The inert atmosphere 

was necessary to exclude air. which causes decomposition of the 

arsenomethane to arsenious oxide. Arsenomethane, a dense yellow 

oil immiscible with water, settled to the bottom of the reaction 

flash. This oil was washed with HaOH and water to remove any excess 

acid, and introduced into a specially prepared distilling flash. 

A glass tube ending in a cross with a small bulb at each point of 

the cross was attached to the side arm of the flash by means of a - 

ground glass joint. A vacuum was applied to the system, and the oil 

was distilled into the bulbs, IShen one bulb was full, the cross was 

turned by 90° and the full bulb sealed off and removed. Hepeating 

this process give four bulbs of fairly pure arsenome thane. The 

boiling point ranged over 1s n degrees from first to last, the two 

middle portions boiling at a constant temperature. 

Some pyrex glass capillaries of about 0.3 mm. in diameter 

were filled with arsenomethane as follows; a bulb of the compound 

was opened and the capillaries, sealed at one end, were placed 

open-end into the bulb. The two were put into a desiccator full 

of COg. The desiccator was evacuated, and hence the capillaries also 
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The COg was pumped back in, and the pressure caused the capillaries 

to fill with the oil. They were then sealed off in a vacuum with 

a hot wire. 

To obtain x-ray photographs of the compound, a capillary 

tube filled with the oil was mounted on the goniometer nead. In 

this position the substance was frozen. To obtain the freezing 

temperature (12°C),a vacuum-jacketed pipe was mounted so as to 

blow cold gas onto the capillary. A similar setup is described 

by Post, Schwartz, and Pankuchen (6). Concentric to tne cold 

gas tube was another tube carrying dry air at room temperature. 

The dry air formed an envelope around the cold ait and prevented 

condensation of toom moisture on the sample. The tendency of the 

arsenomethane to cool far below its freezing point without crys¬ 

tallizing was overcome by pouring a little liquid nitrogen directly 

on the capillary containing the sample. This caused freezing to 

tiny crystallites* and the temperature produced by the stream of 

cold gas from the tube was low enough to keep the sample frozen. 

To grow larger crystals it was necessary to melt all the crys¬ 

tallites, except for one seed crystal. This was done by blowing 

across the capilla ry a fine stream of warm air. Then the solid 

piece was allowed to grow back very slowly. Repetition of this 

procedure eventually resulted in a single crystal large enough 

to use in taking x-ray pictures. 

Pictures were taken with both the Buerger precession 

camera and the Weissenberg camera. The setting up of the cooling 

device did not interfere with the normal operation of the pre¬ 

cession camera, but for the Weissenberg camera come changes were 



required so that the layer-line screen and cassette could he put 

into place without disturbing the cold air flow. Collin and 

Lipscomb (7) describe a camera similar to the one used* The 

layer-line screen was made of two separable pieces to make it 

easily removable, and a longitudinal section was cut out of the 

cassette on the pinhole side large enough to allow the cassette 

to slip over the layer-line screen without disturbing the crystal 



3. U1IIT CELL LIMENSIOES AHD SPACE GHOUP LETEEM1HACXOES 
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3. UNIT CELL DIHENSIOHS AND SPACE GROUP DETE&dlhAXIOMS 

The precession camera was used for the determination of 

unit cell dimensions and the space group* The orientation of the 

crystal did not have to he known to start with, since the camera 

can he used itself to orient crystal fragments (8). This is very 

convenient because the arsenomethane crystals were grown in a 

capillary, and their orientation was completely unknown. Tne 

design of the precession camera makes it possible to record an 

undistorted image of the reciprocal lattice; hence the unit 

cell dimensions can he measured directly* One layer of the reci¬ 

procal lattice can he photographed at a time, all other reflections 

being screened out* Pictures of successive layers plus knowledge 

of the distance between layers permit the angle made by the third 

axis with the plane of the other two axes to be determined. The 

perpendicular distance between layers is found by taking a "cone* 

photograph. In this method the film is placed on the layer-line 

screen-holder, and the cones from various orders of reflections 

are recorded as concentric rings. The distance between these 

rings is a measure of the axial length perpendicular to tne film* 

Pictures were taken of two successive levels of what is 

later called the 101 plane using CuK't+p radiation, and values 

were determined for the three reciprocal vectors: bi, ba, and bo 

and the angles: and 03* Tiie pictures showed the crystal 

to have monoclinic symmetry and an approxim te value of the mono- 
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clinic angle was calculated as described above. The value was 

only approximately correct because the distance between the layers 

could not be determined very accurately by a *cone* picture. 

A refinement of the measurements was carried out on another 

sample, using MoK*,p radiation by photographing only the equatorial 

(zero.) layer, but doing so for several orientations of the crystal. 

In this way all the reciprocal lattice vectors appeared in tne 

zero level pictures, and they as well as their angles could be 

measured directly. 

Three pictures were measured to obtain b3, and an average 

value was talcen. The other two reciprocal vectors were measured - • 

once each from two other films. The following values were obtained 

|bx| - 0.1150 

|b2| - 0.0797 

|b3| * 0.0880 

• 78°14* 

± .0005 ft*1 

i .0002 ft*1 

t .0003 ft"1 

1 5» 

From these reciprocal lattice constants the direct lattice can 

be calculated; 

isii 1  
|bi| sin cC2 * 

1 
|b3| sin *2 

CC2 » 180° - - 101°46» + 5» 

The direct lattice is therefore given by: 

|ai|* 8.88 t .04ft 
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|a2|r 12.55 S .03 1 

\az\z 11.61 ± .03 i 

The volume of the actual unit cell is: 

* I§1| 1021 |03| sin oc2 s 1270 * 7 A3 

Knowledge of tne volume of the unit cell and of the ap¬ 

proximate density of arsenomethane (9) made it possible to cal¬ 

culate the approximate number of atoms in the unit cell: 

Humber of ASCH3 units in one cell « wt. of cell 
wt. of one unit 

.602 x 1270 x 2.16 « IQ,3 
90 

The density of the solid was not determined, and the value of 

2.16 g./cc. used here is the density of liquid arsenomethane. 

Since the substance contracts on freezing, the number of ASCH3 

units per cell as calculated above is somewhat too small. Waser 

and Schomalcer (10) give evidence that the ASCH3 units are joined 

together in a ring; The space group, which has four-fold positions, 

requires that the number of these rings be some multiple of four. 

Consequently, the unit cell may contain twenty ASCH3 groups cor¬ 

responding to four five-membered rings, or possibly twenty-four 

groups per cell (four six-membered rings). 

The observation of systematic extinctions made it possible 

to determine the space group. In the equator picture of bi and 

53. it was seen that hOXis present only if h ¥ Z is even. This 

indicates the presence of a mirror plane perpendicular to with 

an n-glide of £(ai + §3). In addition, the equator picture of 

b2 and b3 showed OkO reflections only for is. even, which woula be 
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accounted for by a two-fold screw axis parallel to ag. Ho 

other systematic extinctions were found; thus the probable 

space group is - P2j/n* 



4 ilEASUREMT OP INTENSITIES 
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4. MEASUREMENT OE IUTEUSITIES 

The intensity of the x:-ray reflections from a crystal are 

related to the arrangement of atoms in the unit cell, as will he 

shown later, and must he measured in order to determine the struc¬ 

ture. Intensity pictures were taken of the okXand hoi layers 

using the precession camera and MoK radiation. Accurately timed 

exposures of Q.5 hr., 1 hr., 2 hr., 4 hr., and 8 hr. were taken. 

Also, an intensity scale was made hy selecting one typical re¬ 

flection and exposing it on five strips of film for various . 
• i 

lengths of time from one to two hours. The times were 2°, 2°*25, 
g0.5, gO.75, 2 hours. The five intensity pictures of Ok£ and 

the five of /jOZxtexe measured hy visual camparison, using the 

scale for interpolation, and relative intensities were assigned to 

all the reflections. Ho attempt was made to get absolute values 

for the intensities. 

The hkO reflections were recorded with the modified  - 

Weissenberg camera using CuK radiation. A crystal was oriented 

hy oscillation photographs, and intensity pictures were made hy 

putting three films into the cassette at once. The absorption of 

Cu radiation hy a film had been previously determined to he 3.6, 

so that a reflection on the first film is weakened hy a factor of 

3.6 on the second film and hy (3.6)2 s 13 on the third. Two sets 

of three films were exposed, and the ratio of their exposure times 

was (3.6)®*^ z 1.87. By interleaving the two sets of films a 
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range of exposures was obtained so that a single reflection had 

intensities on the six films in the ratio of 1: (3.d): 

(3.6)-*“ 5; (3.6)2: (3.6)2,5. A finer subdivision of intensities 

v/as desirable for accurate comparison. A value of 6 z 1.2 

was chosen as one unit of intensity because a scale was avail¬ 

able on which a single reflection appeared with 21 densities 

from (1.2) to (1.2)21 in integral powers of 12. Adopting 1.2 

as the unit value, the ratio .of the intensities of a spot on 

the six intensity pictures would read: 

l:(1.2)3-5:(1.2)7:(1.2)10*5;(1.2)14;(1.2)17-5 , 

and the scale could readily be used for interpolation, jlany 

reflections appeared on several of the films, and an average 

value was taken for the intensity of such spots. 



5. FOURIER AND PATTERSOH DIALYSES 



5. FOURIER AHD PAITERSOH AW ALICES 

The observed intensity, I, of a reflection is related to 

the structure factor, F, by: 

I = (const.) Ah (l+gosjgg)IP)2 

where A z absorption factor 

L z Lorentz factor 

s polarization factor 
2 

Hence it is possible to determine the aosolute values of 

structure factors from the measured intensities. An approxi¬ 

mate value for the absorption factor was obtained by assuming 

perpendicular incidence of the beam on the cylindrical sample, 

and assuming that the absorption was due to the arsenic alone. 

For such a sample, values of the absorption as a function of 

T? are tabulated for various yUR, where /u is the linear absorption 

coefficient and R the radius of the cylinder (11). Half the 

average diameter of the sample was used for R, and for two 

samples, one irradiated with CuK. and the other with Mo£ ra¬ 

diation, the values of /tR were 4.2 and 6.1 respectively. The 

values of ju for Cu and Mo radiation are not much different, 

but the second sample had a larger radius. Values of the 

Lorentz and polarization factors for tne precession camera 

pictures were obtained from a template calculated by i&aser (12). 

The Weissenberg pictures were corrected for the Lorentz factor 

and polarization using values tabulated by Lu (13). Relative 
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values of the structure factors were obtained for hOl and Ok£ 

reflections from precession pictures and for hkO from Weissen- 

berg pictures. 

The electron density in a crystal can be expressed as a 

Fourier series: 

p(E) * z fs exp (-Zirifi-r) 
h J 

where h s vector to a reciprocal lattice point 

r s vector to an atom in the unit cell 

The coefficients, F^, are the structure factors of the crystal. 

They are, in general, complex numbers. 

where cp is the phase angle of the reflection. In case tne crystal 

is centrosymmetrical, ^ can have only the value 0 or 71 and 

«? = *!%!• Arsenomethane has a center of symmetry, and to obtain 

the terms of the series for the expansion of its electron density 

it is necessary only to determine the values of the structure 

factors and their correct signs. - - 

Harker and Kasper (14) have developed a method for de¬ 

termining signs of structure factors based on the application of 

Cauchy*s inequality to the ejqpression for the structure factors 

as a function of the atomic positions in the crystal. It is 

well known that if atoms are assumed to have spherical distri¬ 

bution of scattering material, the structure factor can be 
A 

written: 
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yhkl 2 Z fj exp[-27ri(hxJ+ky4+i2j)] 
J • 

where U z the number of atoms in a unit cell, xj, yj, and Zj are 

the coordinates of the atom, and fj is the atom form factor 

for the atom. By making the approximation that Z-^f s fj,, 

where is the atomic number of the i^s. atom, f is the same 

function of sin l9/A for every atom in the crystal and is defined 

by 

Z fi z fZ, where Za total electrons per unit cell* 
j=l 

With this notation, Pbk£ can be written as: 

i*, exp£-2iri (hxjtkyjt £zj)] • 
<1—^ 

They then define the unitary structure factor as: 

l 

and write: 

uhkjt 2 i nJ exp [-2ffi(hxj+lcyj^Xzj)] jal 

where nj is the fraction of electrons associated with atom j, 

«4 = Zj/Z. 

_ Taking unitary structure factors for two reflections from 

a centrosymmetrical cxystal and c onsidering their sum and dif¬ 

ference, 
N 

Uh t Uh«. = X »j(cos 2lTh-rji cos 21Th‘ rj), 
~ r j=l 

and applying the Cauchy inequality: 
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the relation: 

1% i vl - l1 * Vtf’ (u >W 
can be obtained. This inequality was found most useful in de¬ 

termining signs of structure factors for arsenomethane. A con¬ 

venient graphical method for applying this inequality is de¬ 

scribed by Sakurai (15) and was used* 

In order to work with the inequalities, it was first 

necessary to change the observed structure factors to unitary 

structure factors, which involved placing the structure factors 

on an absolute basis. The following considerations indicate 

the method used: 

Let Uh s g°*>3. - c exp («b sin2 #/\
2 ) Un 

* If4 
where c s the scale factor, a constant 

baa constant 
N ' 

“ft s h “J exp[-2ili (hxj + kyj + iZj )J . v J“1 

Then, 

Uh * c exp (-bsin2^/A2’) J nj exp (-2Kih*£j) 

If an average value of 2 is taken over a small range of 1&I, 

it is: 

J 

= c2 (exp(-2b&2)) nj2 - 'Ll njn* exp (2irih» (rj - rK }]) , 

and in the last summation any pair of terms is likely to have 
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random phases so as to cancel out* Assuming they do, then 

<|U^2 = C2 ezp(-2b^2)^nj2 

A plot of in (|%|2) against sin2IP gives the constants to and c 

as the slope and intercept respectively. 

In this way the unitary structure factors for the hkO 

and hOj£ reflections were converted to an absolute basis. The 

graphical method for applying inequalities was then used to get 

relations among the signs of the unitary structure factors. In 

order to get a useful number of conclusions, it was necessary to 

boost all the values by a factor of exp(M sin2iP/A2), wnere M 

is a constant selected as large as possible without causing any 

unitary structure factor to exceed 1.0, and so thfct no contra* 

dictions arose in the determination of signs. There does not 

seem to be any theoretical justification for the use of this - 

factor. The actual justification lies in the fact that its use 

has led to correct structure determinations in the past (16, 17). 

For the hoi reflections, the largest factor by which the 

unitary structure factors could be multiplied without getting 

contradiction was exp(0.8 sin270/A2). Uhen this was done, the 

signs of forty-five out of fifty-three observed structure fac¬ 

tors could be determined. Using these forty-five factors as 

coefficients, a Fourier series was summed up, and a two-dimen¬ 

sional electron density map was plotted. It showed twenty-four 

peaks per unit cell. This would be explained as the projection 

of four six-membered arsenic rings, but a satisfactory fit for 
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such a model could not obtained. There Is the possibility that the 

projection is badly distorted, because not all the signs are 

known, and probably not all the signs obtained from inequali¬ 

ties are actually correct. Unfortunately, it is not known 

•which signs are more reliable than others. This is due to the 

mode of applying the inequalities, which in general yields 

relations between the signs of various reflections rathe r than 

their signs directly. The signs themselves result from con¬ 

sidering all these relations as a whole. 

Although the signs of the coefficients must be known to 

be either positive or negative in a Fourier series, all coef¬ 

ficients are positive in the corresponding Patterson series, 

and no sign determination is needed. The Patterson function 

is defined as 

where p(x,y,z) and p(x+u, y*v, z+w) are the same function dis¬ 

placed by u,v,w. The Patterson function measures the relative 

frequency of the interatomic distance u,v,w in the crystal, 

because if u,v,w are the parameters of an interatomic vector, 

^(x,y,z) and p(x+u,y*v,z*w) are large at the same time, and 

P(u,v,w) has a maximum. Since it is periodic, it can be expan¬ 

ded in a Fourier series. The Fourier coefficients are found 

to be the squares of the absolute values of the structure 

factors, so that 



P(u,v,w) si- £ \^f cos 2TT(h*s). 

V •* ' 

To evaluate this sum it is not necessary to determine the 

signs of the F*s, and all the intensity data can be used directly 

If there are n atoms per unit cell, there will be n^ peaks in 

P(u,v,w), n of which will be at the origin and n(n-l) at dis¬ 

tances from the origin corresponding to vectors between atoms in 

the crystal. As with the electron density function, the Pat¬ 

terson function can be projected on a plane. Uhen this is done, 

the projected lengths of the interatomic vectors appear on a 

two-dimensional plot of the function. 

All of the observed structure factors for the hoi planes 

were used to make a Patterson projection on the (x,z) plane. The 

map is shown in Figure 1. One interesting feature of the pro¬ 

jection is the way the maxima add up to give a small number of 

high peaks, llany superpositions no doubt occur, so that only a 

few peaks show up and have large values. .Another notable aspect 
\ 

is the absence/of peaks in/the distance interval from about 

1 A to 2.4/51 from the origin. The range of orientations of the 

molecules compatible with this Patterson projection is severely 

limited by the following argument: The As-As bond length is 

2.42 %t and to project on a plane as observed, the bond must be 

either nearly perpendicular or nearly parallel to the plane of 

the projection along a line connecting a peak of the projection 

to the origin. This restriction was used as a basis for trying 
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out various schemes for packing the molecules. One such scheme, 

consisting of six-membered rings of arsenic atoms 2.42 & apart, 

with As-As-As angles of about 90°, was found to be consistent 

v/ith the Patterson projection. Structure factors calculated 

from this arrangsment were not in agreement with the observed 

structure factors. It is not known whether the disczepancy is 
' • i . ? • 

due to a completely wrong arrangement or only to small errors 

in the positions of the several atoms. 

At this point is was decided to consider the data from 

the Ok/, planes, which are characterized by three predominantly 

strong reflections. With prop r signs these three values could 

be used to calculate a Fourier series which would possibly in¬ 

dicate the atomic positions, although without good resolution of 

the maxima. The signs of three structure factors were assigned 

in the following way: Since the structure factor is 

'cos 2TCky cos ZKiz for k¥l z even 

-sin 2Kky sin 21Xlz for ktl s odd 

it is seen that changing the origin of y and z by £ will cor¬ 

respond to the same structure factor or its negative as summar¬ 

ized in the table below: 

p0k/ 8 4f 

k Z origin 

0,0 JL 0 
St 9 U o,t 

even even ♦ ♦ 4* + 

even odd ♦ ♦ m - 

odd even - 4- - 

odd odd ♦ - mm 4* 



21 

The sign in the table indicates whether or not a sign change of 

the structure factor is associated with the shift of origin* 

From this table it is seen that the sign of the even-even 

combination does not depend on the choice of origin, while all 

others do* As a consequence, the signs of two reflections 

belonging, severally, to two of the last three groups may be 

assigned arbitrarily, as a change of this assignment simply 

corresponds to making a different choice among the four possible 

origins. 

The three strongest reflections are (004), (021)* and 

(032). Of these, (021) and (032) belong in the three groups 

just discussed and can have their signs arbitrarily assigned to 

be positive. Although the sign of (004) is unknown and not 

affected by a shift in origin, it was assumed to be positive and 

a Fourier series evaluated with these three terms. The possi¬ 

bility of (004) having a negative sign was allowed for by not only 

considering the map obtained from the summation above, but also 

the one resulting from it by changing signs, so that negative 

levels are counted as positive and inversely. The second map 

(with unchangs d origin) would have been obtained directly if 

(004) were negative and if a minus sign had been chosen arbitrar¬ 

ily for (021) and (032).. The map is shown in Figure 2. The 

solid lines are positive density contours if (004) has a negative 

sign, and the dotted lines are positive if (004) is positive. 

The negative sign for (004) appears preferable for two 

reasons. First, it seems easier to fit a mole cule into the solid 

contours of Figure 2; and second, the application of inequali- 
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ties previously described gave (004) a negative sign. According¬ 

ly, atoms were placed in appropriate places to fit tne contours 

of Figure 2, and structure factors were calculated. There seemed 

to be reasonable agreement between observed and calculated values, 

allowing for the very tentative values of the parameters chosen. 

A new Fourier projection including several mare terms was made, 

using the signs of the calculated structure factors for all cases 

which showed reasonable agreement. Four successive trials were 

made so that about half the calculated structure factors were in 

sufficient agreement with the observed values for their signs 

to be used. Nevertheless, complete resolution was not attained, 

although three separate maxima appeared to which a five-memle red 
ring; 

arsenicAWith 90° angles could be fairly well fitte d. 

The agreement between calculated and observed values is, 

however, not close enough for any definite conclusions at this 

present state of the investigation. It is therefore not yet 

certain whether a six-membered or a five-memb red ring of As 

atoms will finally emerge from the data, although the best cLua 

to the actual structure is probably contained in the peaks 

close to the origin of the Patterson projection of Figure 1. 



STRUCTURAL CONSTANTS EOR A COPPER CARBONATE 

1. INTRODUCTION 
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II. STRUCTURAL CONSTANTS FOR £ COPPER CARBONATE 

1. INTRODUCTION 

Some small azure-blue crystals of this mineral were 

obtained from a mine in Gabbs, Nevada, by Dr. Carl W. Beck of 

Shell Development Company, Houston, Texas. Since no powder 

diffraction lines corresponding to those given by this sample 

could be found in the A.S.T.H. or other card files, it was 

believed to be a new mineral. A chemical analysis and optical 

data are discussed elsewhere, but the results of a single¬ 

crystal x-ray diffraction study will be given here. 



2. DETE RUINATION QI? CELL CONSTANTS 
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2. DETEEifflAllUlI OF CELL CQHSTAHTS 

A single crystal of unknown orientation was mounted on 

the Buerger precession camera, and the camera itself was used 

to orient it by a series of pictures. Several layers of the 

reciprocal lattice were photographed, and from them the lattice 

was reconstructed. A precession angle of 20° was used with 

MoK radiation. This gave a sizeable portion of the reciprocal 

lattice. 

The first pictures taken showed the corresponding re¬ 

ciprocal lattice net to be rectangular and of symmetry C2r, 

indicating at least monoclinic symmetry. A rotation of tne 

crystal of 90° about an axis containing the horizontal mirror 

line did not bring a new reciprocal net into proper alignment, 

but such a net was found at about 73° from the original orien¬ 

tation. It too was rectangular. Within the reconstructed 

lattice no 90° angles other than those mentioned above could 

be found. Any symmetry higher than monoclinic would require 

that such angles be present. The monoclinic symmetry indicated 

here was confirmed by subsequent Weissenberg photographs. The 

unit vectors were measured on the precession photographs and arej 

|bi|s 0.127i t .0004 A-1 

|b2|s 0.0847 t .0002 A"1 

|b3|z 0.1042 t .0002 A"1 
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The crystal was transferred to the Weissenberg camera 

where it was photographed v/hile rotating about the bg axis. 

From the Weissenberg pictures so obtained, the monoclinic 

angle could be measured. Thus: 

p2 n 72*7° ♦ 0.4° 

The value of bg was checked by a rotation picture. 

From the reciprocal lattice vectors, the direct <?ell> 

constants can be calculated: 

lsil = JbjJsin ctg 
= 8.24 i .03 A 

1321= -i,= n.ao i .03 A |bi| 

l93|s a 10.06 t .04 A 
|b3| sinoC2 

otg s 107.3 i 0.50 

The volume of the unit cell is given by; 

Vg = &1I |a2||a31 sin oc2 

s 934 A3 



3. SPACE GROUP DETEfiiilNAl IQH 
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3. SPACE GROUP PETE RON AT I OH 

To observe the systematic extinctions which occur, a set 

of zero and upper layer pictures were taken with the precession 

camera and were verified by Weissenberg pictures of the h0«£ , 

hlf and h2£ layers. The general extinctions were: 

hls.1 appeared only for k ♦£ s 2n 

hOf. appeared only for h s 2n, Z s 2n 

The unit cell must therefore be A-centered, and have a mirror 

plane perpendicular to ag with glide The space groups 

for which these extinctions are systematic are Cs4 - Aa and 

Cgh " A2/a, which differ only by a center of symuxe tiy and 

cannot be distinguished by extinctions alone* 
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