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ABSTRACT

Four congruently melting intermetallic compounds with the com-
positions Ag,or, AggSra, AgSr and Ag,Sry respectively have been re-
ported to exist in the silver-strontium system. In the present inves-
tigations the crystal structures of all four compounds were studied
by application of X~ray diffraction techniques. The first compound
was found to have the quite common Calng structure and the composi-
tion }s AggSr rather than Ag,Sr. The structure of the second compound
has orthorhombic symmetry. It was not determined but there can hardly
be any doubt that it is closely related to the Gy, type (AlB, struce
ture) and that the composition of the compound is AgZSr and not AggSrae
The third compound alse has a structure of orthorhombic symmetry and
is of a type not observed previously. The composition is correctly
represented by the formula AgSr. The structure is partially dis-
ordereds The structure of the fourth compound was not determined in
details It could, however, be established that it is very closely
related to the AgSr structure. The composition Ag23r3 could be neither

confirmed nor rejecteds The structure has orthorhombic symmetry.
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1
I INTRODUCTION

Weibke (1) investigated the phase diagram of the silver-strontium
system by thermal analysis. His phase diagram shown in Figure 0 shows
the existence of four different congruently melting intermetallic com~-
pounds of silver and strontiums According to Weibke they have the com-
positions Ag,Sr, AggSry, AgSr and Ag,Srg. No crystallographic investi-
gation of these compounds seems to have been made.

The existence of as many as four congruently melting intermetallic
compounds in a binary system is relatively rare. It may well be that
the radius ratio of the silver and strontium atoms happens to be very
near the ideal ratios for four structure types thus permitting the for-
mation of no less than four compounds of relatively great stability.
Other explanations can, of course, be advanced. It was in any case con-
sidered desirable that the atomic arrangements in the four compounds be
determined, partly in an attempt to explain the presumed stability of
the phases and partly to add information to the relatively incomplete
body of knowledge about the structures of metals and alloys that existed
at the time of the investigation.

All four of the intermetallic compounds were investigated and the
crystal structures of two of them (Ag4Sr and AgSr) were completely deter-
minede The two remaining structures proved to be of too great complexity
to be completely determined in a reasonable length of time. The inves-
tigations were, however, carried far enough to establish the approxi-
mate atomic arrangements.

During the course of the work the Ag,Sr compound was found to have
the composition of AggSr and will hereafter be referred to as the AggSr

compounde
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Ll. THE INTERMETALLIC COMPOUND AggSr
A. MNaterials

An alloy sample was prepared by melting 17.87 gm. of silver (99.99%
pure) and 3.38 gm. of strontium (99.97% pure) in a sealed iron tube in
an argon atmosphere.* An iron tube was chosen since neither silver nor
strontium are soluble in iron to an appreciable extent (2), and an iron
tube can be easily sealed.

The alloy was very brittle and had a silvery appearance. On ex-
posure to air its color scon changed to a lustrous yellow. Otherwise
the alloy appeared to be quite inert. From chemical analysis the com-
position of the alloy was found to correspond to Ag5.033r. The silver
content was determined by the Volhard method, and the strontium content

was found by difference.

Bs X=ray Photography and Laue Symmetry

It was very easy to find single crystal fragments suitable for X-
ray diffraction work among the fragments of the crushed alloy sample.
The crystal fragments were mounted on thin glass fibers with silicone
grease in preparation for X-ray photography. From Laue photography it
was established that the single crystal fragments were all of the same
metallic phase and possessed Lave symmetry D, —6/mmm.

From the single crystal fragments rotation photographs with rota-

tion about the a and ¢ axes and Weissenberg photographs of the recipro-

*These amounts of silver and strontium do not correspond to the exact
composition of Ag,Sr. An excess of silver was used to make sure that
if a second phase should appear, it would be the easily identified sil=~
ver phase.



4
cal lattice nets with | =0, 1, 2 and 3 and the net with k = 0 vere
taken with a Supper Weissenberg goniometer. These single crystal photo-
graphs were supplemented by a powder photograph taken with a Straumanis
type camera. All of the photographs were taken with copper K& radia=

.k
tione

Ce Determination of the Unjt Cell Dimensions

Approximate unit cell dimensions were obtained from the inter-

layer distances on the rotation photographs. They were found to be
a = 5.68 R 3
c, = 4.60 8 .

Since all of the diffraction arcs on the powder photograph could
be indexed on the basis of a hexagonal cell with these cell dimensions,
it was concluded that all or nearly all of the alloy sample consisted
of one phase with a composition at least very close to the composition
Ag5.035r. The reported composition Ag43r consequently appeared very
unlikelys

For the accurate determination of the cell dimensions a least
square refinement was made on the basis of powder data. The diffraction
arcs were measured with a comparator with a precision of about 0.02 mm.

There were three parameters to be determined in the least squares

*

The X~-ray tubes were operated at a veoltage of 25 KV to prevent the K=
fluorescence of silver which was very serious when the X-ray tubes were
operated at appreciably higher voltages. This method of reducing the
fluorescence loses its usefulness for alloys richer in strontium since
the K~fluorescence of the strontium is correspondingly stronger and its
diminution requires the voltage applied across the X-ray tube to be less
than 16.1 KV. Such low voltages are not practical because of the low
intensity of the copper Ka radiations
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refinement, namely the radius of the camera and the lattice constantis
a and c . However, to simplify the refinement process the camera
radius was determined separately by a least squares procedure.

For the least squares refinement of the lattice constants it was

convenient to use the quantity € given by the equation

Q=4sin’8 _ 402+ P w b0

KZ 3a§

92
2

c

)
as the observed quantity. For the weighting of the observed quantities
it was assumed that all the diffraction arcs could be measured with the
same precision* and that systematic errors could be ignored. Thus,
since d@ is proportional to sin 20 dO, the weight. of the Q's could be
taken to be 1/sin® 20.

The resulis of the least squares refinement of data obtained at

25° ¢, were

+

a, = 54681 £ 0,001 R ,
c, = 4.609 + 0,001 R ,

-+

where the uncertainties are the probable errors.

Comparison of the uncertainties in a and ¢ with those resulting
from the uncertainty affecting the value of the radius of the camera
showed that the latter was about one-tenth of the former. This fact
Justified the separate determination of the camera radius, and the pro-
bable errors are significant provided, of course, that the systematic

errors are negligible.

%
This is a suitable approximation since no powder lines were measured
with 6 > 80°,



6
Iin Table | are given the calculated and observed Q's, their dif-
ferences and the corresponding weights. From the distribution of plus
and minus signs in the last column it seems likely that small syste-
matic errors such as absorption errors are present in the observed data.
However, the magnitudes of the differences indicate that the systematic
errors are not large enough tec vitiate the significance of the results

of the refinement.

D. The Unit Cell Contents and the Atomic Arrangement

The density of the alloy determined by the pycnometric metihod
was 8416 gn. om.™>. From this density the number of Ag,Sr units per
unit cell was found to be 1.20. This departure from an integral num-
ber is too large to be attributed to error in the density measurement
alone. Since silver and strontiuﬁ atoms are quite different in sizs,

a disordered structure is improbable, and the only ordered structure
compatible with the density and not in wild disagreement with the com-
position &g45r reported by Weibke contains one AggSr unit per unit cell.
Calculation of the number of AggSr units per unit cell from the density
gave the number 1,00, From this point on il was never questioned that
the composition of the alloy is given by the formula AggSre.

The Vieissenberg photographs did not show any systematic absences
in the diffraction spectra. Therefore, the possible space groups were
D}, ~P6/mmm, D}-P622, CloP6mm, DY -PBn2 and D3, -FE2m .

At an early stage of the structure determination it was recognized
that the AggSr phase probebly has the already known CaZng structure 3).

Since there is no Strukturbericht designation for this type of structure



Table 1
The Observed and Calculated Q's

Index fleight Cobs Qcalc UbsLeale
100 10.42 0.0414 0.0413 0.0001
101 5.01 0.0886 0.,0884 0.0002
110 3.30 0.1243 0.1240 0.0003
200 2.83 0.1649 0.1653 ~0.0004
111 2,73 0.1716 0.1710 0.0006
002 2.51 0.1884 0.1883 0.0001
201 2:26 0.2128 0.2123 0.0005
102 2,13 0.2291 0.2296 -0,0005
210 1.76 0.2896 0.2892 0.0004
112 | 1.65 0.3126 0.3122 0.0004
211 1.56 0.3365 0.3363 0.0002
202 151 0.3531 0.3536 ~0,0005
300 1.45 0.3719 0.3719 0.0000
301 1.34 0.4121 0.4189 0.0002
212 1,23 0.4778 0.4775 0.0003
220 1.20 0.4959 0.4958 0,0001
113 l.14 0.5473 0.5476 -0.0003
302 1.13 0.5601 0.5601 0.0000
203 1,10 0.5884 0.5889 -0,0005
400 1.05 0.6622 0.6611 0.0011
222 1.04 0.6842 0.6841 0.0001

401 1.03 0.7084 0,7081 0.0003



Index

312
004
303
411
403
331
241
224
224
314
314
404_
600
333
333
423
423

Table |

The Observed and Calculated Q's

Weight
1,02
1,01
1.00
1.01
1.09
1.17
1,22
1.30
1.32
1.39
1.41
1.84
2.41
3.14
3.30
4,26
4,59

(Continued)

Qobs
0.7257
0.7532
0.7946
0.9149
1.0823
1,1600
142043
1.,2478
1.2484
1,2901
1.2210
14129
1,4874
1.5385
1.5385
15801
1.,5800

Q

calc
0.7254
0.7532
0.7955
0.9147
1.0847
1.1626
12039
1.2490
1.2490
1.2903
12903
1.4143
1.4874
145392
15392
1.5805
1.5805

Qobsfealc
0.0003
0.0000
~0.0009

0.0002
~0,0024
-0.0026

0.0004
-0.0012
~0.0006
~0,0002

0.0007
-0.0014

00000
-0.0007
~0,0007
-0.0004
~0.0005
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it will be referred to here as the ABg structure. The structure has
the space group Déh—PG/mmm with the atoms in the following positions:
atom A in 1(a): 0,0,03 "
atom B) in 2(c): 1/3,2/3,05 2/3,1/3,03
atom B, in 3(g): 1/2,0,1/2; 0,1/2,1/25 1/2,1/2,1/2.

The conclusive evidence that the AggSr compound has the ABg struc-
ture came, of course, from the agreement between the calculated and ob-
served diffraction intensities. Because the ABg structure has no para-
meters that need to be determined, semiquantitative intensity data were
sufficient for establishing the ABy structure as the correct one. Ta=
ble 2 contains the calculated intensities and the semiquantitétive ob~
served intensitiess The agreement is reasonably good and establishes
with certainty that the Agssr compound has the ABg structure.

The calculated intensities were obtained from the formula

-1/2

2 . 2
_ 2 /1 4 cos® 20 sin_ B
| = |F 1 - A(8)
calc IF ( sin 20 )( sin 9)

where F is the structure factorj @ is the Bragg anglej B is the
Weissenberg equi=inclination angle; and A(B) is the absorption factor.
In calculating the absorption factor it was assumed that the crystal

was cylindrical with a radius of 0.0125 cme The linear absorption coef-
ficient |1 was calculated to be 1650, The form of A(B) for non=zero
layer Weissenberg data has been given by WMiller (4). The structure
factors were calculated using Thomas~Fermi atomic form factors modi-
fied to take into account the effect of anomalous dispersion upon both
the K and L electrons in the silver and the strontium atoms. No tem=

perature corrections were calculated since the absorption corrections
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Table 2
- The Calculated and Observed Intensities

Index lcalc lobs Index icalc lobs
100 495 i 102 292 M
200 2230 MS 202 1420 S
300 826 M 302 560 MS
400 1860 S 402 1655 S
500 535 ] 502 654 ]
600 29,000 VS 112 538 M
110 895 M 212 338 M
210 503 MS 312 325 M
310 421 M 412 880 M
410 260 M 512 1230 ]
510 845 M 222 7080 Vs
220 7600 S 322 393 i
320 396 Y] 422 4030 S
420 2856 S 332 1390 M
520 5470 S 103 59 |
330 1050 i 203 1420 S
430 1830 M 303 2230 S
101 165 ] 403 2680 S
201 2800 S 503 308 W
301 3320 S 113 1640 MS
401 2540 S 213 79 W
501 290 '} 313 101 W
601 87 W 413 5640 S
111 4160 S 223 15 W
211 160 My 323 151 W
311 116 W 423 12,300 S
411 3820 S 333 12,300 S
511 259 M 001 21 W
221 19 W 002 9650 V3
321 120 M 003 22 Absent
421 4660 S 004 8160 Vs
331 5260 S 005 37 Absent
431 785 M

VS = very strong; S = strongj WS = medium strong; M = medium

Mi = medium weak; W = weak; W = very weak.
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that were made were estimated to be much larger.

E. Discussion

The ABg structure is a well known structure (3,5,6,7 and 8) and
need not be discussed in great detail, but it will be recalled that
each A atom is surrounded by twenty nearest neighbors of which eighteen
are B atoms (six Bl and twelve 82) and two are A atoms. The B atoms
of both types are surrounded by twelve nearest neighbors. The Bl atoms
are surrounded by three A atoms and nine B atoms (three B, and six B,)
while the B, atoms are surrounded by four A atoms and eight B atoms
(four By and four B,).

The different binary systems in which the ABg structure occurs
are rather diverse, The only unifying fealures among them are the
values of the radius ratio and the ¢ /a ratio (Table 3). Undoubtedly
the stability of the ABy siructure can be atiributed to the achieve-
ment of good packing when the radius ratio is in the range 0,632 to
0.709.

It is of interest to interpret the structural features of the
AggSr compound in terms of the Pauling theory of bonding in metals (9).
This theory relates the observed interatomic distances of two atoms to
a bond number by the formula

D(1) = D(n) = 0,600 log n
where D(1) is the sum of the single-bond radii of the two atoms involved
in the bond, D(n) is the observed interatomic distance between the atoms
and n is the bond number, Table 4 contains the interatomic distances

of nearest neighbors and the corresponding bond numbers. The sum of the
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Table 3

The Radius Ratios and co/ao Ratios of Some ABg Compounds

Compound Radius Ratio" c/a,
AgSr 0,670 1,23
Zngla (3),(5) 0.675 1427, 1,29
NigCa (3) 0.632 125
CugCa (3),(5) 0.649 1.25, 1,24
Nigla (3) 0.664 1423
Cugla (3) 0.683 1.25
Zngla (3) 0.709 1.28
Nigle (3),(6) 0.683 1,21
CogCe (6) 0.690 -—
NigGd (7) 0.698 1.23
NigPr (7) 0.683 1,24
FesTh (8) 0.702 1,27
CogTh (8) 0.697 1.26
NigTh (8) 04692 1.23

*
The radius ratios were computed using the metallic radii for co-

ordination number 12(10).
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bond numbers for the strontium atoms is 8,04 and for the silver atoms
6449 and 5.31 for Ag| and Ag, respectively. As the metallic valences
given by Pauling are 2,00 for strontium and 5.44 for silver, the values
8.04 and 6449 are considerably too large. Only the sum 5,31 obtained
for the Ag, atoms agrees well with the assigned valence. In considering
a cause for the departure of these results from the expected values it
is important to notice the remarkably high bond number (0.902) for the
Sr--Ag1 bond. Large bond numbers for this type of bond seem to be
characteristic of all the ABg structures =~ at least for all the com-
pounds listed in Table 3 and is even greater than unity for the com-
pound Nigla. Apparently the AB; structure achieves over=all good
packing at the expense of compressing the A=B| bonds. Pauling points
out that structures with sirained bonds are exceptional and can not be

expected to be interpreted simply (9).

Table 4

Interatomic Distances and the Corresponding Bond Numbers

Type of Bond Length (R) Bond Number (n)
Sr-Sr 4.609 0.050
Sr-Ag) 3.280 0.902
Sr-Ag, 3.658 0.211
Ag,~Ag, 34280 0.101
Ag ~Agy 2.820 0.580
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A remark about the composition assigned to this compound by Weibke
should be made. His incorrect conclusion as to the chemical formula
of the compound is not surprising since the composition of Ag58r differs
from that of Ag,Sr by only 3% by weight and the method of thermal aﬁaly—
sis which he used does not permit a very accurate determination of the

composition of the intermetallic compounds formed.
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I, THE INTERVETALLIC COMPOUND AggSry

A. laterials

An alloy of the approximate composition AggSrs was prepared from
13.44 gme of silver and 6.56 gme of strontium by the same method used
in preparing the AggSr alloy and with metals from the same sourcese
The composition of a representative portion of the resulting alloy
determined by chemical analysis agreed to within 1/2% with the for=
mula Ag53r3.

The alloy was brittle and silvery in appearance. However, when

exposed to air it soon tarnished to a deep yellow color,

Be XA=ray Photography and Laue Symmetry

Of some tweniy-five alloy fragments that were isolated from the
crushed alloy sample and subsequently mounted and séaled in glass |
capillaries three were found to be single crystals upon investigation
with the Laue goniometer. They were all of the same metallic phase
and possessed Lpue symmetry Doy, =, From one of these crystals a ro-
tation photograph with rotation about one of the orthorhombic axis,
labeled the a, axisy and Weissenberg photographs of the reciprocal
lattice nets with h = 0,1,2,3,4,5,6 and 8 were obtained with a Supper
Wieissenberg goniometer using copper Ka radiation. Precession photo=
graphs of the reciprocal lattice nets with k = 0 and f = 0 were also
obtained from this crystal with a Supper precession goniometer using
molybdenum Kmiradiation. Finally with a Philips powder camera
(Straumanis arrangement) a powder photograph was obtained from a powder

sample using copper K& radiatioms The sample was sealed in a glass
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capillary which had an inside diameter of about 0.1 mm.

Ce The Unit Cell Dimensions
From measuremenis made on lieissenberg and rotation photographs
the approximate unit cell dimensions were found to be
a =968,
o
b =778,

[e]
c =165R8.

o

The diffraction pattern of the powder specimen was only moderately
complicateds It was possible to index unambiguously all the measurable
diffraction arcs* on the basis of the orthorhombic unit cell derived
from single crystal data. The agreement between the semiquantitative
powder intensities with the single crystal intensity data both facili-
tated the indexing of the diffraction arcs and provided a check of the
correctness of the indices.

Because of the good agreement between the powder data and the
single crystal data, it was concluded that the alloy sample consisted
completely (or nearly completely) of the same phase as the single
crystal fragments. As a consequence the single crystals must have a
composition nearly corresponding to the formula AggSra.

To obtain more accurate cell dimensions a least squares refine-

ment was carried out on the basis of the powdsr data. In order to

*

There were about 70 to 75 diffraction arcs visible on the photograph
and 62 of these were measurable on a comparator with a precision of
about 0.02 mms The background on the photograph due to the fluorescence
of the powder specimen made it impossible to measure the remaining dif-
fraction arcs which were all very weak and all occurred at Bragg angles
greater than 40°, This latter group was not given any further con=
sideration.
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simplify the refinement the radius was determined separately by a least
squares procedure. For the refinement of the three lattice constants

it was convenient to use the quantity Q given by the equation

<4 in2 g _ hl S
== =Ty R Sy b
A a b c

[e] 0 Q

as the observed quantity.

The weights of the observations were chosen to be l/sin2 20 since
all the diffraction arcs could be measured with about the same precisién.
The diffraction arc 6.2.18 was an exception. It could not be measured
as accurately as the other arcs because of line broadening as is gener=
ally the case for large Bragg angles and consequently was given only
half the calculated weight.

The results of the refinement of the powder data obtained at
25° C. were

a, = 94619 £ 0,002 R

b, = 7.654 + 0,002 & ,

it

c

16.555 + 0,007 R,
0

where the uncertainties are the probable errors.

Table 5 lists the final values of the calculated and observed
Q's along with their differences and the corresponding weights. There
appears to be a slight trend in the distribution of positive and nega~
tive signs in the difference column indicating that there is very likely
a small systematic error present in the experimental data. However,
the effect of the systematic error was estimated and found to be suf-
ficiently small that the values of the cell dimensions and their cor-

responding probable error retain their full significance.
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214
024
032
400
206
226
234
040
036
028
044
432
0.1.10
238
440
614
622
2.2.10
0.0.12
4.1.10
626
634
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Table 5

The Observed and Calculated @'s

Weight

3.74
3.55
2,76
2,67
2.64
2,01
1,94
1.84
1.76
1,70
1.57
1.54
1.41
1.31
1.28
1425
1.24
1.23
1.16
1.13

bes
0.1203
0.1273
0.1684
0.1750
0.1764
0.2445
0.2559
0.2731
0.2870
0.3015
0.3320
0.3421
0.3844
0.4315
0.4461
0.4657
0.4730
0.4770
0.5248
0.5567
0.5887
0.6005

Q

calc
0.1187
0.1267
0.1682
0.1729
0.1746
0.2429
0.2552
0.2731
0.2850
0.3018
0.3315
0.3411
0.3820
0.4303
0.4460
0.4645
0.4719
0.4764
0.5254
0.5549
0.5887
0.6010

Q

Q

obs “ecalc
0.0016
0.0006
0.0002
0.0021
0.0018
0.0016
0.0007
0.,0000
0.0020
=0,0003
0.0005
0.0010
0.0024
0.0012
0.0001
0.0012
0.0011
0.0006
-0.0006
0.0018
0.0000
-0,0005



Index

060
800
800
258
a
638
638

646
|

824

824
G2
832
oy
832
.a2
sbqal
654
az
84%l
840
%
828
ay
828
G
4.3,14
a

2
1
2

4.3.24a

8.1.10q

8.1410
¢4
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Table 5

The Observed and Calculated Q's

Wleight

1.08

(Continued)
Q

obs

0.6129
0.6925
0.6910
0.7032
0.7762
0.7764
0,7923
0.8190
0.8194
0.8605
0.8604
0.8725
0.8728
0.9645
0.9648
0.9949
0.9946
1,0437
1.0432
1,0723
1.0720

&

cale

0.6145
0.6915
0.69215
0.7035
0.7761
0.7761
0.7935
0.8182
0.8182
0.8597
0.8597
0.8742
0.8742
049646
0.9646
049944
0.9944
1.0417
1.0415
1.0735
1.0735

Q

obs Yeale
-0.0016
0.0010
=0,0005
-0,0003
0.0001
0.0003
~0,0012
0.0008
0.0012
0.0008
0.0007
-0.0017
-0,0014
-0.0001
0.0002
0.0005
0.0002
0.0020
0,0015
~0.0012
-0.0015



Index

6.0.14,
6.0.14_
666
|
666
a2
10,046
10,046,
2.2.18
a
2.7.12
2.7.12
a
0.0.200,;l
0.0.20
a2
6.3.16
a4
643.16
)
0.7.14
%y
12'0'0“1
12,0,0
@
6.2.18,

|
6.2.18
%

2

l
2
l
1
2

1 .
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Table 5

The Observed and Calculated Q's

Weight

(Continued)

Qobs

1.1049
1.1050
1.1350
1,1344
162126
1.2132
1.2939
1,4035
1.4038
1.4589
1.4593
1.4785
1.4786
1,5536
1.5547
1.5554
1.6400
1,6391

Qcalc
1.1042
1.1042
1.1349
1.1349
1,2119
1.2119
1.2938
1.4050
1,4050
1.45%
1.4596
1.4767
1.47617
1.5516
1.5559
1,5559
1,639
1.6396

Uobs Qcalc
0.0007
0.0008
0.000t

-0.0005
0.0007
0.0013
0.0001

-0.0015

-0.0012

-0.0007

-0.0003
0.0018
0.0019
d.OOZD

-0.0012

~0.0005

-0.0004

"0. 0005
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De The Trial Structure

From the Weissenberg diffraction data the rules for the occur=

rence of reflections were found to be

(hkg ) all orders,

(Ok ) only with § even,

(h0 L) only with h and { even,

(hk0) only with h and k even.
These rules do not uniquely determine a space group. The probable space
groups are Dgh-Pcca and Déﬁ—Pbca.

There are a great many more absences in the diffraction data than
are required by any of the possible space groups. These absences occur
in a systematic way and their interpretation led directly to a trial
structure. All the reflections on the reciprocal lattice nets with h
odd were very weak, lgnoring all these weak reflections the remaining
reflections (those with h even) could be re-indexed on the basis of an

orthorhombic unit with the cell dimensions

1 -
al = a0/2,
1 —
b! = b_,
1 =
Co = 00/2.

When these reflections were re-indexed on the basis of the smaller cell,
it was found that the occurrence of diffraction maxima obeyed the ruless
(h'k'f') only with h' + k' + ¢' even,
(h'k'0) only with h' and k' even.
The probable space groups of the approximate orthorhombic structure are
D23 lmma. and C5-ma2.

The reciprocal lattice net with k' = 0 possesses pseudohexagonal



22

symmetry not only with respect t6 location of the reciprocal lattice
points’ but also with respect to the intensity distribution. Further-
more, there is a marked tendency on this net toward the appearance of
only the reflections with {' = 3n. At this point the similarity of the
structure to the 032 structure (11) became apparent. The Cao structure
is hexagonal and has three atoms per unit cell (one of type A and two
of type B)e The space group of the C3, structure is D} ~C6/mmm with

atom A in 1(a): 0,0,0 3

atoms B in 2(d): 1/3,2/3,1/23 2/3,1/3,1/2 «

Many of the qualitative features of the diffraction pattern can
be explained on the basis of the 032 structure with the strontium atoms
in the 1(a) positions and the silver atoms in the 2(d) positions and
its hexagonal axis parallel to the b axis of the orthorhombic unit.

The agreement is quite good for the reflections with k' = (,and it is
not bad for the other reflections with k' even and ' small. However,
some discrepances are apparent. The 032 structure requires the re-
flections with k' odd to be absent while in general they are observed
although tending to be weak for small k', There are other difficulties.
In the G35 structure the A atoms form straight rows parallel 1o the
hexagonal axis (orthorhombic b! axis in this case), but such an arrange-
ment would bring the strontium atoms too close to one another (only
3.85 R apart). Both of the unfavorable features of the C,p structure
can be removed by staggering the rows of strontium atoms in the (100)

planee As a consequence the positicns of the silver atoms are also ad-

%*.

For the reflections to fall at the lattice points of a true hexagonal
net the ;aéxtio cl/a} would have to be equal to Y3 . It actually has the
value 1.72,
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Justeds The over-all packing is much improved as a result of these
shifts, and the reflections with k' odd are no longer absent. This
staggering results in a new structure that is orthorhombic with the
cell dimensions
al = ad/2 y
bc'> =b
; =c /2 o

It has the space group Dgﬁ-hma. The approximate coordinates of the

e

atoms determined from packing considerations are
Sr in 4(e): (0,0,031/2,1/2,1/2) % 0,1/4,25 with z = 0.06 3
Ag in 8(h): (0,0,051/2,1/2,1/2) £ O,y,z3 0,1/2 + y, z ; with
y = 0.07 and z = 0.66.
Table 6 contains the calculated and semiquantitative observed
intensities of the (Ok {) reflections. The calculated intensities

were obtained from the formula

| - ’FIZ (1+003226
cale sin 20

where F is the structure factor computed from the trial structure and
0 is the Bragg angle. The absorption and temperature factors were not
included in the formula above because the calculations were only in-
tended to establish qualitative relationships between the observed and
calculated intensities. Although there is only rough agreement between
the calculated and observed values, it seems reasonably certain that
this trial structure based on the small orthorhombic pseudecell is

closely related to the true structure.
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Table 6

The Values of lobs and 'calc for the Trial Structure

Index |obs lcalc
012 M 372
004 W 129
020 S 302
024 S 874
016 ] 222
032 S 2200
008 M 695
040 M 54
036 W 294
028 M 202
044 W 125
0.1.10 M 515
052 M 248
048 Wi 8
0.3.10 11} 223
0 000 12 1S 320
056 W 3]
0e2.12 M 499
060 3 588
064 W 6
Ouls14 Wi 9
0.5.10 S 515
0.4.12 Wi 72
068 Absent 120
072 ] 18
0.3.14 S 243
0.0.16 M 112
076 W 45
0.2.16 wi 24
080 it ] 136
0.6.12 W 139
0.5.14 o 72
0.1.18 W 38
0.4.16 W 44
0.3.18 [ 29
0.0.20 S 750
0.2.20 W 58

046416 M 220
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The composition of the trial structure corresponds to the formula
Ag,Sr rather than the reported composition of AgSrge Because of the
great difference in the sizes of the silver and stroentium atoms,it is
quite unlikely that this discrepancy can be accounted for by assuming
that the true structure is obtained from the trial structure by replacing
some of the silver atoms by strontium atoms. However, the discrepancy
is only 4% by weight, and the inherent inaccuracy of the thermal analysis
method used by Weibke in determining the composition Ag58r3 does not
make an error of that magnitude unlikely. Additional evidence in favor
of the composition Ag,Sr comes from density considerations. The density
of the trial structure was found by calculation to be 6.55 gm. eme™>,
The observed density of an alloy of the composition AgZSr* determined
by pycnometric methods was 6.63 gm. cm.-3. The calculated and observed
densities agree to within 1.2% which is quite satisfactory.

The more difficult problem of establishing the difference between
the true structure and the approximate structure of the deformed C3o
type remains to be solveds No clues were found from inspection of the
intensity data for reflections with h odde Numerous structures pro-
duced by slightly deforming the approximate trial structure to give a
structure with the correct unit cell size were investigated. However,
none of these structures were as satisfactory as the trial structure
from the point of view of packing nor did the intensities of the re=
flections calculated for these structures agree satisfactorily with the

observed intensities,

*rhis alloy was prepared from 26.2 gm. of silver and 106 gm. of stron=
tium by the method used for preparing the AggSr compound.
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Ee. Discussion

It is not surprising that the AgoSr phase does not have the un-
distorted C3, structure as the radius ratio of strontium and silver
does not appear to be favorable. The radius ratio of strontium and
silver is 1.49 which is definitely at the lower limit of what seems
to be the permissible range for the C35 structures (Table 7). Al=-
though it is not surprising that a distortion should occur, the mag=-
nitude of the distortion is a little surprising. The pseudohexagonal
cell of the Ag,Sr structure has a c/a, ratio of 0.80 while the range
of ratios for the C;, structure appears to be 1.00 - 1,15 (Table 7).
It is possible that the type of bonding in the C4o structure is an
important factor in stabilizing this type of structure, too, because
the 032 structure seems to occur most frequently in binary compounds
containing members of the boron family.

The AgoSr structure appears to be most closely related to the
In,Sr structure (12). This structure may also be described as a dis-
torted Gy, structure. Like the AgoSr structure it has orthorhombic
symmetry.énd has the same general arrangement of atoms in the unit cell
as the orthorhombic pseudounit of the AgZSr structure. In the Zn,Sr
structure the pseudohexagonal cell corresponding to a unit of the C32
structure has a cc/a.0 ratio of 0.84 which is only slightly higher than
that for the Ag,Sr structure.

The interatomic distances for the trial structure of the AgoSr
compound are given in Table 8, The distances on a whole indicate that
the packing of the trial structure although acceptable can undoubtedly

be expected to be much improved in the true structure.
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Table 7
The co/ab Ratios and the Radius Ratios of Some Compounds

Having the C32 Structure

Compound co/ao Radius Ratio
MgB, (13) 1.14 1.82
Zr8B, (14) lell 1481
AlB, (15) 1.08 1.63
NbB, (14) 1,07 1,63
TaB, (14) 1.06 1463
TiB, (14) 1.06 1.65
Cr82 (14) 1,03 1.43
MoB, (16) 1.02 1.55
LaGa, an 1,02 1,53
VB, (14) 1,02 1,50
CaGa,, (an 1.00 1.6}

CeGay an 1,00 1,49
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Table 8

Interatomic Distances in the Trial Structure

Type Length ®
Sr-—Sr‘ 3-99,3092
14,80
Sr—l:\g 3053 3032
_{3.6013.36
Ag-hg {%.%,2.84
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V. THE INTERWMETALLIC COMPOUND AgSr

A. Materials

An alloy containing equal molar quantities of silver and strontium
(6.59 gm. of silver and 5,34 gm. of strontium) was prepared by the same
method and from the same materials used to prepare the Ag55r compounde
The composition of a representative sample of the alloy was determined
by chemical analysis and agreed to within 1/2% with the composition
AgSr. The method of analysis was the same as that used for the AggSr
compound.

The alloy was silvery gray in appearance and very brittle. Upon
exposure to the atmosphere it rapidly turned black and soon crumbled

to a black powder.

Be X=ray Photography and laue Symmetry
Fragments of the alloy considered suitable for Xeray photography

were selected from a crushed portion of the alloy which was kept under
dried kerosene. This arrangement was used to prevent the crushed alloy
fragments from reacting with the air. The fragments chosen for further
examination were dropped into glass capillaries filled with molten paraf-
fine The capillaries were then sealed.

No true single crystal fragments of this phase were ever obtained
although more than three hundred fragments were examined with the Laue
goniometer. The fragments were all polyecrystalline, and the diffraction
maxima frequently appeared as long streaks. However, two fragments
were found that were fairly well suited for further work. Both of them

consisted of iwo single crystals in very nearly parallel alignment
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as well as numerous much smaller crystallites. The collection of re=-
liable diffraction data could be done fairly easily with these frag-
menis,

Upon orientation on the Laue goniometer the two alloy fragments
were found to have Laue symmetry D, -mmm. They were oriented with
different crystallographic axes parallel to the axis of the goniometer.
Rotation photographs about these axes (labeled the a and ¢ axes) as
well as Weissenberg photographs of the reciprocal lattice nets with
h = 0,1,2,3 and 4 and the nets with ‘g = 0,1,2,3 and 4 were taken with
a Supper Weissenberg goniometer. Copper Kd radiation was used. A
precession photograph of the reciprocal lattice net with k = 0 was
taken with a Supper precession goniometer using molybdenum Ka radiation.
Several powder photographs were taken with a Philips powder camera
(Straumanis type) using copper K, radiation. A nickel filter was
placed between the sample and the film rather than between the X-ray
source and the sample as is usually done in an attempt to prevent fog-
ging of the film by fluorescent radiation from the sample. The intensity
of the fluorescent radiation was reduced in this way. HNevertheless,
there was still a great deal of background on the photographs. Like=-
wise, lowering the voltage applied across the X-ray tube to its practi-
cal limit* did not prove efficacious in reducing the fluorescent radi-
ation to a level where the fogging it produced would not interfere with
the interpretation of the photographs. A Straumanis type rotation photo-
graph of the reciprocal lattice net with h = 0 was taken using unfil-
tered copper radiation from a gas tube. A quartz powder sample (200

mesh) was photographed on the same film using copper Ka radiation from

*See footnote page 4,
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a gas tube. An additional rotation photograph with rotation about the
a axis was obtained with a powder sample of sodium chloride photographed

on the same film. Copper Ka radiation was used,

Ce The Determination of the Unit Cell Dimensions

The approximate unit cell dimensions were obtained from the rota=~

tion and Weissenberg data. They were found to be

a, = 16.4 R ’
b =4.8R,
o

C°=604ﬁ .

As there were very few diffraction arcs visible in the back reflection
region of the powder photograph and none of them measurable with great
accuracy because of the heavy background, single crystal data had to
be used for the accurate determination of the cell dimensions. Al=-
though the powder photographs were not sufficiently good to serve as
the basis for an accurate determination of the cell dimensions, they
did supply the necessary evidence that the alloy sample consisted com=
pletely or nearly completely of the same phase as the single crystal
fragments since all the diffraction arcs in the front reflection region
of the powder photograph could be indexed on the basis of the infor-
mation obtained from the single crystal data.

The lattice constants b0 and ¢, were accurately determined from
data obtained from the Straumanis type rotation photograph of the re-
ciprocal lattice net with h = 0. The radius of the camera was deter-
mined separately by a least squares procedure. The many sharp dif-
fraction arcs of quartz powder were particularly easy to measure and

were of great value in determining the camera radius accurately, All
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the measurements were made with a comparator with a precision of about
0.02 mm. For the least squares refinement the quantity @ given by the

equation

Q-_—_—-—ii..llz.—g -B.-Z. +.9—2.

2 -2 2
A bo <,

was used as the observed quantity. The weights of the observations
were taken to be l/sin2 20 as was done in the corresponding case of the
AggSt compound.

The results of the least squares refinement based on data obtained

at 25° C. were

b, = 44792 0,001 R ,

c, = 64392 x 0,002 R , |
The uncertainties are probable errors. In Table 9 the calculated and
observed Q's, their differences, and the corresponding weights are
given. The distribution of plus and minus signs in the difference
column indicates that there are systematic errors present in the experi-
mental data. However, estimates of these systematic errors were no
larger than the probable errors. The resulis are consequently signifi-
cant except that the probable errors are possibly a little low.

The accurate determination of the lattice parameter a, was based
on measurements of the distances between equivalent spots on a rotation
photograph with rotation about the a axis. This method was chosen be-
cause of lack of crystals in suitable orientation for other, better
methods. As mentioned previously a powder sample of sodium chloride
was photographed on the same films This was done in order to obtain

data for an accurate determination of the effective radius of the film.
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Table 9

The Observed and Calculated §'s

Weight

3.21
2468
1.62
1.40
1.25
1.12
le12
1,03
1.00
1.09
1.10
1,37
1,37
1,89

bes
0.1754
0.1754
03938
0.3930
0.5675
0.5670
0.6954
046967
1.0889
1.,0882
1.0894
1.5670
1.5670
1.7396

Q

cale
01742
0.1742
0.3916
0.3916
0.5658
0,5658
0.6968
0.6968
1,0883
1.0883
1.0883
1.5663
1,5677
1,7405

%obz Yealc
0.0012
0.0012
00022
0.0014
0.0017
0.0012

~0.0014

-0.0001
0.0006

-0.0001
0.0011
0.0007

-0,0007

~0,0009
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Sodium chloride was chosen as the calibration substance since its lat-
tice constant has been determined with great accuracy (18)e All the
measurements obtained from the photograph were made with a comparator
with a precision of about 0.02 mm. The average value of the para-
meter a  obtained from these measurements was
a = 16.48 + 0.02 8 .

o]

The uncertainty is the probable error. The data were obtained at
25° ¢,

The probable error of the parameter a  is undoubtedly signifi-
cant as the signs of the residuals seem to vary in a random fashion
and, furthermore, do not tend to increase or decrease much with in-
creasing sin . Figure | illustrates this point. It shows the vari-
ation of the values of a  obtained from individual measurements as a
function of sin 6., The poorer definition of the diffraction maxima
as sin O approaches unity is the cause for the.slightly greater spread
in the values of a, in this regions The probsble error affecting the
determination of the camera radius was found to produce an effect on
the parameter a, that was negligible in comparison to the reported

probable error.

De The Trial Structure

le« Contenis of the Unit Cell

It was not possible to measure the density of the individual single
crystal fragments. The only experimental density obtainable was the
density of a representative sample of the alloy. By pycnometric methods
this density was found to be 5.32 gm. cm.'3. Assuming the composition

of the alloy to be AgSr the integral number of AgSr units per unit cell
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that gives the best agreement between the calculated and observed den-
sity is eights The calculated density is then 5,14 gm. em ™3, Although
the agreement is not really good, it was tentatively assumed that there
are eight AgSr units per unit cell. The justification for this as-
sumption was primarily that the powder photograph did not indicate the

presence of iwo phases in the alloy.

2. Positions of the Atoms

The following rules for the occurrence of reflections were estab-

lished from the Weissenberg data:

(hk £) all orders ,

(h0 ) all orders ,

(hk0) only with h = 4n ,

(0k §) only with k even and f{ = 4m.
Not all of the absences can be space group extinctions. Hevertheless,
on the basis of these absences the probable space groups could be shown
to be Dio-Prma and C ~Pna2, .

As the atomic scattering factors of silver and strontium do not
differ greatly it was convenient to deduce a trial structure in which
no distinction was made between the silver and strontium atoms. It then
was possible to derive a trial structure from the purely gqualitative
features of the distribution of diffraction intensities. The following
observations were made:

le The observed reflections with f odd and h small were much

weaker than the reflections with } evens

2. The paucity and the weakness of reflections with h odd was

very pronounceds
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3. There was a marked tendency among the (hk0) reflections
toward the appearance of only those for which
h = 8n for k even,
= 4 + 8n for k odde
4, Among the (Ok 1) reflections only those with k even and
f= 4n were observed.
5. The intensity distributions on the reciprocal lattice nets
ﬂ= 0 and 4 were the same aside from normal declines A
similar situation occurred for the nets f = | and 3.
On the basis of the first and second observations it was con-
cluded that to a fairly good approximation the structure has a pseudo
unit cell with the dimensions

al =a/2 ,

)

! -
bo - bo ?
c; = c°/2.

This pseudo unit cell contains four atoms.

The third observation indicated that the projection of the true
unit cell (and the pseudo unit cell) on the (001) plane has, to an
approximation, a centered unit (Figure 2) with the dimensions

n - = 5!

ag = a°/4 = a°/2 ’

b"=b =b!,

o o~ o
This fixes the x' and y' coordinates of the four atoms in the pseudo
unit celle

From the fourth observation it was deduced that the projection
of the true unit cell (and the pseudo unit cell) on the (100) plane

has a unit with the dimensions
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b/2 = bY/2 ,

cg' = c°/4 = cé/2 .

b'ﬂl
0

i}

Thus the projection of the pseudo unit cell on the (100) plane has one
atom per projected unite Since there must be one atom per projected
unit, no two atoms can have identical y' and z' coordinates in the pseudo
unit cells This determines the structure, [f one of the atoms is placed

arbitrarily at the origin of the pseudo unit cell then the coordinates

of the atoms are

x] =0, xb=1/2 x3=1/4 , %y =3/4 ,
Yi =0,y y)=0, y3 = 1/2, yy=1v2 ,
2} =0, z3=1/2, 23 =0 (or 1/2), 2} = 1/2 (or 0).

The two possibilities with respect to the choice of the z'=parameters,
namely zé =0 and'zz = 1/2 or zé = 1/2 and zA = 0 do not represent dif-
ferent atomic arrangements and only one combination need be considered
(Figure 3).

It may be noted that this assignment of z coordinates produces
a layer structure with the layers being parallel to the (001) plane and
separated by ¢ /4. The fifth observation is a manifestation of this
fact and supports the conclusions drawn from the first four observationse

An interesting feature of this arrangement becomes spparent if
the unit cell is viewed down the b axis as shown in Figure 4. It is
seen that the atoms lie at the lattice points of two somewhat deformed
(stretched) hexagonal nets separated by the distance b/2 and that they
are nearly in a close packed arrangement.,

The trial structure derived in this section will hereafter be re-

ferred to as structure l.
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3. Assignments of Silver and Strontium Positions

The metallic radii of silver and strontium differ sufficiently
to make a disordered arrangement highly unlikely. Therefore it should
be possible to specify the positions of the silver and strentium atoms
in Structure l. This problem was solved in two steps. First, all the
different arrangements of silver and strentium atoms at the lattice
points of a stretched hexagonal net and with the correct unit cell size
were derived. |t was found that 28 different arrangements exist that
are not related by a translation, a rotation or a combined translation
and rotation (Figure 5)," Second, the different combinations of two
of these nets (both identical or not and in every possible relative
orientation with respect to each other) were investigated. Not all
the possible combinations needed consideration. Only those leading
to the composition AgSr and having a space greup of orthorhombic sym=
metry with extinction rules compatible with the observed diffraction
data were of any interest. There was a further restriction. The com-
binations possessing mirror planes that require neighboring strontium
atoms to fall on straight lines parallel to the ¢ axis could be ex~
cluded since the corresponding strontium-strentium distancés (3.20 &)
would then be very much too short to be acceptable. The few remaining

structures were improved by adjusting the positions of the atoms to

*Each stretched hexagonal net has eight different atomic sites. EZach
séte is either occupied by a silver atom or it is nots Thus there are

2° or 256 possibly different arrangements but many of these are identi-
cal aside from a translation or a rotation or both, If the 28 different
nets are each allowed to assume all orientations which lead to different
arrangements of eight atoms, it is found that there are 256 such possi-
bilitiess This proves that these 28 nets exhaust all the different pos-
sibilities not related by rotations, translations or a combination of
both of these operations.
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get better over-all packing, but it was found that several very short
strontium~strontium distances (c. 3.40 R) could only be avoided in one
of these structures. This one remaining structure required only very
small displacements of the atoms from the positions of structure | to
attain excellent over-all packing. This structure was adopted as the
trial structure and will be referred to hereafter as structure ll. Its
space group is Déﬁ—ana, one of the probable space groups established
earlier, The approximate positions of the atoms in the unit cell are

Sry in 4(e): £ (x,1/4,251/24x,1/4,1/2-2) with x)=0.96; 2/=0.75 j

Sr, in 4(c): with x5=0.215 25=0.50 3

Agy in 4(c):  with x3=0.39; 25=0.25 3

Ag) in 4(c):  with x,=0.14; 2,=0.,00 ,

Structure Il is shown in Figure 6, The two stretched hexagonal
nets are pictured separately to illustrate how the strontium and sil-
ver atoms of one net fit into the large and small holes respectively
in the neighboring nets.

In order to determine if structure 1l was a suitable trial struc-
ture a comparison of calculated and observed diffraction intensities
was made. The calculated intensities were obtained with the use of
the set of rough positional coordinates listed above. The Lorentz and
polarization factors were taken into account but the temperature and
absorption factors were ignored as this calculation was only meant to
be qualitatives The agreement between the observed and calculated
values was excellent not only for reflections with f even but also for
the generally weak reflections with { odd. Therefore it was concluded

that structure 11 was not only correct in its essential features but
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FIGURE 6.
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that the presumed rough coordinates were already close to the correct

OCNesSe

E. Refipement of Structure il

In spite of the success of structure Il it was clear that it did
not describe the true structure in every detail. The reciprocal lat-
tice nets with f odd showed pronounced streaks connecting lattice
points with the same index k making it clear that the structure was
disorderead. The nature of this disorder will be discussed later. It
was felt that before its details were established a refinement of all
the positional parameters based on all the available data would not
be worthwhile. The.results might even be to some extent meaningless.
Therefore a refinement of more limited scope was performeds It was
assumed that the z-parameters were all exact multiples of 1/4 so that
only the x-parameters required refinement, |

Quantitative intensity data were obtained from Veissenberg photo-
graphs. The multiple film technique of de Lange, Robertson and Woodward
was used (19)s The intensities of the reflections were estimated visu=-
ally by comparison with a standard intensity strip. The very strong
reflections generally were only measured on the third filme The esti-
mated intensities which were on a logarithmic scale were converted to
a linear scale and multiplied by the appropriate film factors to reduce
all of the intensities to the same scale. These reduced intensities,
!'(hk.l); and the observed structure factors, F(hk‘f)obs, were assumed

to be related in the manner given by the equation

Flak §)2, = 11 bk IP(B,R)e%(sin ©) m
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Where 2 1/2
Plo,p) = (—2in28 Y .sin b ) ;
P (l +-005226 sin2 0 ’

Qz(sin ) is a combined scale, temperature and absorption
factors
O is the Bragg angle;
B is the Weissenberg equi-inclination angle .
The nature of the function Q(sin 0) had to be establisheds This was
done in the usual way. The calculated structure factor, |F(hkf )lcalc

is approximately equal to F(hk f )ope 3nd if substituted for the latter

in equation (1) yields the equation

JEChk 23], /L1 ke £)P(8,8) 12 = alsin 6). (2)

cale

To obtain Q(sin O) the related ratio

pALCE S WD LRI PLICRNEE

was preferred in order to reduce the effects of random fluctuations.

It was plotted as a function of sin 6 for all the observable (hk0) re=
flections with the summations over ranges of the magnitude 1/10 (Figure
7). As the plot indicates, Q(sin 6) is nearly constant over the whole
range of sin O values. This undoubtedly means that the opposing ef-
fects of absorption and thermal vibrations very nearly cancel each
other. Bradley has pointed out that in such cases it is justifiable

to ignore both effects (20)s This was done in the present case and
Q(sin 0) simply became a scale factor. The scale factors for the re-
ciprocal lattice nets with f = 1,2,3 and 4 were obtained in the usual

way by utilizing the intensity data of the nets with h = 0,1,2, etc.
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to establish the necessary cross correlations.

The least squares refinement of the x-parameters was made on the
basis of only the (hk0) data since the intensities of these reflections
only depend on the x-parameters. To simplify matters the observed
structure factors were all given the same weight. The results of the
refinement were

x| = 04963 + 0,002 R ,

x5 = 04214 £ 0,002 R ,

X3 = 0892 £ 0.002 R,

x4 = 0,140 £ 0,002 R .
The uncertainties are the probable errors. The calculated structure
factors for the refined set of x-parameters are given in Table 10 to-
gether with the observed structure factors and corresponding residuals.
For reflections too weak to be observed a value corresponding to the
minimum observable intensity has been recorded in the column for the
observed structure factors preceded by the symbol < « On the whole
the agreement between the calculated and observed structure factors is.

satisfactory, The relisbility factor, R factor, defined by the formula

R=Z [Fhkd) . = IFGhic )] calcl / ZFOkL) gp

where the summation is over all the observed reflections was 0.140.
However, a closer inspection of Table 10 reveals that while the agree-
ment is excellent on the reciprocal lattice nets with f even, the
agreement on the nets with R odd is only moderately good with a ten-
dency for the observed reflections with h odd to be too low and with

h even to be too high. This peculiarity is clearly reflected in the

R factors of the individual reciprocal lattice nets (Table 11), Table 11



50

Table 10
2 ) 2 )

X < -4 % o =

5 < < —_ 3 = = —

£ g w 5 £ Prd vl %
200 0.0 <23 040 " 361.8 467 105.2
400 146.4 152 5.6 240 0.0 <74
600 0.0 <42 440 95,2 93 242
800 135.0 126 9.0 640 0.0 <76
10.0.0 0.0 <59 840 95.2 23 242
12.0.0 217.6 240 22.4 10.4.0 0.0 <12
14,0.0 0.0 <74 12.4.0 170.4 179 8.6
16.,0.0 142.2 150 7.8 14.4.0 0.0 <76
18,0.0 0.0 <67 16.4.0 120.0 105 15
20.0.0 6440 6l 3 250 0.0 <70
210 0.0 <34 450 175.2 186 10.8
410 316.0 327 11 650 0.0 <65
610 0.0 <46 850 10.4 <58
810 9.6 <b4 . 10.5.0 0.0 <50
10.1.0 0.0 <62 12.5.0 204,0 173 31
12.1.0 275.2 291 15.8 060 284.0 281 3
14.1.0 0.0 <75 260 0.0 <39
16.1.0 255.2 227 28,2 460 8.4 85 6.6
18,140 0.0 <65 301 68.4 74 5.6
20,1.0 27.2 <46 401 31.6 <34
020 508.8 487 21.8 501 145.6 116 29.6
220 0.0 <47 601 228,8 230 1.2
420 128.0 139 11 701 245,6 201 44,6
620 0.0 <56 801 196.4 250 53.6
820 120.0 126 6 201 10.4 88 16
10,2.0 0.0 <69 10.0.1 6.8 <60
12.2,0 203,2 213 9.8 11061 58,1 <65
14,2,0 0.0 <75 12,061 7346 70 346
16.2,0 135.2 129 6.2 13.0.1 43,2 <72
18.2.0 0.0 <57 14,0.1 8.4 <14
230 0.0 <62 15.0.1 51.2 £75
430 230.4 227 3.4 16.0.1 63¢2 76 12.8
630 0.0 <68 17.061 34.4 <10
830 8.8 <72 18.0.1 23,6 <65
10.3.0 0.0 <75 19.0.1 8742 80 7.2
12,3.0 249,2 213 3642 20.0.1 132.4 130 244
14,3.0 0.0 <70 21.0,1 139.2 140 8
16.3.0 232.8 193 39.8 111 5.2 <32



Index

211

321
421
521
621
721
821
921
10,2.1
11.2.1
12.2.1
13.2.1
14,2.1
’ 15.201
1642.1
17.2.1
18.2.1
l9.2.l

Pk B

49,2

34.0
22.4
85,2
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Table 10
(Continued)
a
ho
<
A
L) <3
20 13,2
166 1.6
226 15,2
170 18.8
108 248
<51
128 19.2
144 20,8
188 28,8
104 3.2
<70
<73
<75
<15
88 38
82 16.8
140 20,4
80 24.4
72 19.6
100 34,8
151 59
58 3
<52
124 2
222 26.4
200 14
192 18.4
78 14.4
<69
<72
<74
<75
<15
<73
<69
<63
<56

80 542

Index

031
131
231
331
431
531
631
731
831
931
10.3.1
114341
12.3.1
13.3.1
144301
15.3.1
16.3.1
174341
184341
141
241
341
441
541
641
741
841
941
10.4.1
11441
12.4.1
13.4,1
14.4,1
15.4.1
051
151
251
351

IFtak L,

44.4
16.8
92.4
150.0
168,0
138.8
74.8
3.6
46.0
60,
36.4
6.8
43,2
27.2
8.4
39,
92.0

51.2

40.8
Ted
46.8

6le2
5.2

16.8
12,0

2342
2546
14
32
746
47
46,2
8.
10

43,2
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Table 10
(Continued)
L ® L 0
3 3 I
e b A « e ¢
3 éé éé — 8 2 £ —_
£ & e = £ [ A
451 122.4 190 67.6 12.1.2 0.0 <69
551 112.6 112 1.6 13e162 0.0 <71
651 65.6 97 31.4 14.1.2 25,6 <72
751 6.0 <61 15142 0.0 <M1
851 732 100 26.8 16142 0.0 <69
951 112.4 124 11.6 17162 0.0 <64
10.5.1 112.0 140 28 18.1.2 153.6 139 1446
11.5.1 79.2 66 13.2 19.1.2 0.0 <48
12,5.1 28,0 <32 022 0.0 <43
202 276,0 182 94 122 0.0 <43
302 0.0 <28 222 230.4 232 le6
402 0.0 <32 322 0.0 <50
502 0.0 <38 422 0.0 <52
602 . 120,0 130 10 522 0.0 <55
702 0.0 <48 622 107.2 111 3.8
802 0.0 <52 722 0.0 <59
902 0.0 <56 822 0.0 <62
10.0.2 92.8 5 17.8 922 0.0 <65
114062 0.0 <64 10.2,2 86.4 90 3.6
12,062 0.0 <68 11.242 0,0 <71
13.042 0.0 <71 12,242 0.0 <12 _
14,0,2 341.6 328 13.6 13.2,2 0.0 L72
15,062 0.0 L7172 14,2.2 325.6 320 546
16,042 0.0 <70 15,2.2 0.0 <68
17.042 0.0 <66 16,242 0.0 <63
18,042 96.0 74 22 17022 0.0 <57
19,0.2 0.0 <51 18.2.2 92,0 <49 922
112 0.0 <30 132 0 <62
212 387.2 397 9.8 232 299,2 323 23.8
312 0.0 <37 332 0.0 <64
412 0.0 <40 432 0.0 <65
512 0.0 <44 532 0.0 <66
612 24,8 <47 632 21.6 <68
1712 0.0 <51 732 0.0 <69
812 0.0 <55 832 0.0 <70
912 0.0 <59 932 0.0 <72
10.1.2 242.4 255 12.6 10,32 208.8 208 8

114142 0.0 <66 11342 0 <12
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Table 10
{Continued)
2 ® L 0

% = =< « ¢ =

8 2= - N

< E g % £ :__u': w <
12.3.2 0.0 <70 803 17142 200 28.8
13.3.2 0.0 <67 903 91.6 108 16.4
14,3.2 23.2 <64 10,043 5.6 <63
15.3.2 0.0 <58 11,0.3 52.8 <617
164342 0.0 <51 12,043 67.2 68 8
17.362 0.0 <41 13.0.3 40.4 <70
042 0.0 <12 14.0.3 746 <70
142 0.0 <72 15,0,3 49,2 <68
242 172.8 210 37.2 16,0463 60.4 63 246
342 0.0 £72 17.063 3346 <59
442 0.0 <72 18.04.3 22.4 <52
542 0.0 <12 19.0,3 84.8 80 4.8
642 85.6 109 23.4 013 35.2 34 142
742 0.0 <7l 113 8.0 <35
842 0.0 <70 213 60.4 82 2146
942 0.0 <66 313 134.0 114 20
10.442 75.2 89 13.8 413 175.6 180 4.4
11,442 0.0 <62 513 160.4 145 15.4
12.4.2 0,0 <58 613 90,4 107 16,6
13.4.2 0.0 <52 713 8.0 <54 )
14,4.,2 286.,4 274 12.4 813 97.6 113 15.4
152 0.0 <64 913 146,8 133 13,8
252 232,8 284 5142 10.1.3 144,0 192 48
352 0.0 <63 11ela3 97.2 67 3042
452 0.0 <62 12.1.3 36.0 <70
552 0.0 <60 13,1.3 12.4 <70
652 23,2 <58 14,143 26,4 <70
152 0.0 <55 15,143 244 <67
852 0.0 <52 164143 46.8 <63
952 0.0 <47 174163 94,0 80 14
10,52 175,2: 175 2 184163 11644 118 1.6
062 0.0 <24 19.1.3 100.4 84 16.4
203 89,6 67 2246 123 5742 56 1.2
303 57.2 53 4.5 223 80.4 135 54,6
403 23.2 <37 323 56.4 60 3.6
503 120.0 94 26 423 19.2 <55
603 192.4 230 37.6 523 106.0 99 7

703 211.2 211 o2 623 171.2 220 48.8



Index

123
823
923
10.2.3
114243
12.2.,3
13.243
14,2,3
15,23
16.2.3
17.2.3
18.2.3
033
133
233
333
433
533
633
133
833
933
10.3.3
11:343
12.3.3
13363
14.3.3
15433
16,343
143
243
343
442
543
643
1743
843
943

‘F(hk ’Q )lcalc

190.4
156.0
84,0
546

38.4

58.4
32.4
2240
3142

47,6
108.8
144.0
132.8

5.2

6.4

82.8
128.0
126,8

86.8

30.4

1346

26,0

2.4

43,6

45.6

64.0

42,0
15,2

140,8

157.6
130.4
70.0

110
<70
<70

81
230
155
170

81
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Table 10
(Continued)
L o
£ 3
® = =
— ] wd = —
P LIS
25.4 10443 362 <60
21 114443 45,2 <55
7 12443 56.8 61 4,2
13.4,3 34,0 <43
14.4.3 6.4 <30
5 053 26,8 <58
153 8.8 <58
253 36.8 90 532
353 87.6 87 o6
3.4 453 1172 140 22.8
553 109.,2 101 842
653 62.4 9% 3366
32.8 753 5.6 <46
853 70.4 81 10.6
76.4 953 108,0 96 12
3.2 10.0.4 0.0 <62
66 11.0.4 0.0 <63
2.2 12.0.4 188,0 183 5
Tl. 13.0.4 0.0 <64
14.0.4 0.0 <62
1742 15.0.4 0.0 <58
7 16.0.4 126.4 127 o6
38,2 17.0.4 0.0 <46
9.8 114 0.0 <35
214 0.0 <38
314 0.0 <41
414 226.4 192 34.4
514 0.0 <48
2.6 614 0.0 <51
714 0.0 <55
46 814 8.8 <58
914 0.0 <60
10,144 0.0 <62
5 11.1.4 0.0 <63
89,2 12.1.4 238.4 237 1.4
2.6 3.14 0.0 <63
39.6 14.1.4 0. <60
11 15.1.4 0.0 <57



Index

16,144
17,104
024
124
224
324
424
524
624
724
824
924
1042.4
11.2.4
12,244
13.2.4
14,2.4
15.2.4
16.2.4
134
234
334
434
534
634
734
834
934
106344
11.3.4
12,344
13.3.4
14.3.4
044
144
244
344
444

55

Table 10
(Continued)

L 0 L
i 2 _8
= = % =
g £ T 2 2
e Lo = - b

229.6 184 45,6 544 0.0
0.0 <43 644 0.0
384,0 400 16 744 0.0
0.0 <51 844 88,0
0.0 <52 944 0.0
0.0 <54 10.4.4 0,0
102.,4 102 o4 11.4.4 0.0
0.0 <57 12.4.,4 158,4
0.0 <59 154 0.0
0.0 <61} 254 0.0
99,2 107 7.8 354 0.0
0.0 <64 454 162.4
0.0 <64 554 0.0
0.0 <64
177.6 178 o4
0.0 <60
0.0 <56
0.0 <50
123.2 126 2.8
0.0 <60
0.0 <62
0.0 <63
192.8 258 65,2
0.0 <64
0.0 <64
0.0 <64
9.6 <64
0.0 <63
0.0 <61
0.0 <58
217.6 220 2.4
0.0 <49
0.0 <43
318.4 360 41,6
0.0 <62
0.0 <62
0.0 <62

8742 98 10.8

Fied) o

<60
<59
<57

95
<51
<41
<4l
127
<44
<43
<42
162
<34

|AF]

3l.4

4
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also provides a check that the assumption that the z-parameters are
very nearly multiples of 1/4 was very good since the R factor of the

(hk4) data is essentially as good as that of the (hk0) data.

Table 11
The R=Factors of the Individual Reciprocal Lattice Nets

Net R-Factor
(hk0) 0.085
(hk1) 0.170
(hk2) 0.115
(hk3) 0.184
(hic4) 0.087

Fo The Complete Interpretation of the Beciprocal Lattice Nets with
j'odd

In the preceding section it was pointed out that the reciprocal

lattice nets with ,ﬂ odd were distinguished from the nets with [ even

by mﬁch larger R factors. There was another distinguishing characteris~
tice The diffraction maxima on these nets although otherwise well de-
fined had tails which connected neighboring maxima with the same k in-
dex. These tails were relatively more intense where the corresponding
maxima were étrong than elsewhere. Such spreading out of the diffraction
maxima did not occur on the nets with Q even. Weissenberg photographs

of the nets with ,ﬂ = 2 and 3 have been reproduced in Figure 8 to show
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FIGURE 8.

WE |SSENBERG PHOTOGRAPH OF THE (hk2)
RECIPROCAL LATTICE NET



FIGURE 8 (continued).

WE ISSENBERG PHOTOGRAPH OF THE (hk3)
RECIPROCAL LATTICE NET
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this difference.

The occurrence of tails or streaks implied that ﬁhe structure was
to some extent disordereds In establishing the nature of this disorder
it would, of course, be a matter of great importance that an explanation
be given for the absence of the streaking on the reciprocal lattice nets
with f evene

In order for the disorder to cause streaks to occur which connect
only diffraction maxima with the same k and ,ﬂ indices it is necessary
that it consists of a partial destruction of the perfect periodicity
only in the direction of the a axis. Simultaneous destruction of the
periodicity also in the directions of the b and c axes would not cause
streaks but a general diffuse background all through reciprocal spacee
The occﬁrrence of streaks, then, excludes the possibility of random
replacement of silver atoms by strontium atoms or vice versa, which
in any case would be unlikely in view of the great difference between
their metallic radii.

A clue to the nature of the disorder was found when the trial
structure was considered as built up from layers of atoms perpendi-
cular to the ¢ axis and co/4 apart. The silver and strontium atoms
were then seen to form staggered rows of atoms parallel to the b axis
and with silver and strontium atoms alternating (Figure 9). It was
also seen that as far as the packing of the atoms is concerned, the
silver and strontium atoms may be exchanged provided that there is a
corresponding exchange of atoms in the layers 00/2 away so that stron-
tium atoms becoming nearest neighbors in the ¢ direction is avoided

(Figure 9). Similarly it is necessary that strontium and silver atoms
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)

LAYERS AT Z:0,% LAYERS AT Z=1,%

FIGURE 9. THE PACKING OF THE TWO POSSIBLE

TYPES OF ALTERNATE LAYERS AND THE
EQUIVALENT PACKING SITES BETWEEN

THESE TYPES OF ALTERNATE LAYERS

1,2 and 1,2’ are sets of equivalent sites with respect to packing

® LAYERS AT 2:0,} O LAYERS AT z:} 2
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alternate in the staggered rows parallel to the b axis (Figure 9). An
exchange of silver and strontium atoms with this kind of correlation
between nearest neighbors in the b and ¢ directions preserves the per-
fect periodicity in these directions so that streaks of the type ob-
served must result. Furthermors, the correlation prevents the occur~
rence of streaks on the reciprocal lattice nets wiﬂ1‘[ even as the
average value of the electron density at any two points (x,y,2) and
(xyy,z+1/2) is insensitive to the exchange of atoms,

As the reciprocal lattice nets with _ﬂ odd show well defined
maxima in addition to the stresks, the true structure must have an
element of periodicity also in the a direction. The simplest expla~
nation =~ most likely also the correct one =- of the intensity distri-
bution in reciprocal space is, then, that the true structure is iden-
tical with Structure Il except that there are scattered through the
structure imperfections invelving the exchange of silver and strontium
atoms as indicated, There will then be large volume elements of the
structure (long in the a direction) and small elements (short in the
a direction) within which the structure is exactly Structure ll. The
large elements give rise to the sharp mexima while the small elements
which may be only a few cell edges long give rise to diffuse maxima
connected by streaks. Each small element will, of course, give rise
to diffuse maxima and subsidiary maxima as described by the Lawe inter=-
ference function, but the average effect of the subsidiary maxima will
be observed as continuous streaks.

However, there is a second possibility. Inspection of the layers

of atoms perpendicular to the ¢ axis also shows that when the exchange
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of atoms is performed as described above but in a systematic fashion
ordered structures arise differing from the trial structure but with
equally good packing of the atoms (Figure 9). The two simplest of
these ordered structures are discussed belows One of them has the
space group C;v—anZ, and the cell dimensions
aé = 8.24 3 ’
bt = 4,792 R ,
o
t
c!=6.3921R,
The estimated positions of the atoms in the unit cell are
Sry in 2(a)s  x,0,25%,1/2,1/24z5 with x; = 0.93 and z) = 0,00 ;
Srp in 2(a):  with x5 = 0.43 and z, = 0.25 3
Ag) in 2(a): with x5 = 0.78 and z3 = 0,50 3
Ag, in 2(a): with xy = 0.28 and z4 = 0.75
The relationship between the structure factors of this structure and

those of structure || are

[tk £)] =172 'F(hk!) | Wopor even,
IFtk £)] =0 for hy £ odd ,
[Fthk )l =1/ YZ JFtok )| 1! for b even and £ odd .

The other structure has the space group c;f}-maz and the cell dimensions
al = 16,48 R ,
b* = 4,792 %,
ch=6.3921R .
The estimated positions of atoms in the unit cell are
Sry in 4(b): (0,0,051/2,0,1/2) + x,1/4,25%,3/4,25 with x| = 0.96
and Zl = 0000;
Srz in 4(b): With x2 = 0021 and 22 = 0075 ;
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Agy in 4(b):  with x3 = 0.89 and 25 = 0.50 ;
Agy in 4(b): with x; = 0.14 and 2z, = 0.25
The relationship of the structure factors of this structure to those
of structure |l are
[Fik )] = IF(hkl)l” for feven ,
£tk )] =2 |Fak DM for by f odd
[F(k )] =0 for h even and { odd.
It may now be assumed that the true structure consists of three kinds
of volume elements with atomic arrangements corresponding to structure 11
and the two structures described above respectively. Similar to the
previous case the small volume elements (having any of the three struc-
tures) incorporated in the composite structure cause the streaking.
This second type of disorder appears by no means unlikely, and
it offers the advantage of providing an explanation to the observation
that the observed structure factors of reflections with h even and Q
odd appear stronger than the calculated structure factors while the
opposite situation exists for reflections with h odd and ‘f odde This.
would be the case if in the composite structure the Cgv structure is rela-

tively more important than the Céﬁ structure.

Ge Befinement of the Structure

If the disorder invelves only structure 1l the results of the
least squares refinement described in section E are probably of signi-
ficance even though the refinement ignored the evidence of disorder.
If the disorder involves several structures a proper refinement would

necessarily be much more complicated, and as it is doubtful that it
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would give a unique result with respect to the relative importance of
the structures involved, such a refinement was never performed. In any
case it is hardly possible that it would have yielded pﬁsiiional para=

meters substantially different from those already quoted.

He Discussion of the Structure

Although the silver and strontium atoms are occupying nearly
equivalent positions, the number of nearest neighbors that surround
the silver atoms is only nine, seven of which are strontium atoms and
two of which are silver atoms, while each strontium atom is surrcunded
by seventeen nearest neighbors, ten of which are strontium atoms and
seven of which are silver atoms. The iype of coordination is best
visualized by inspection of Figure 6 which refers to structure |l.
The other two structures are left out of consideration, but it may be
said that the coordination is very similar and the distribution of
interatomic distances virtually the same. Table 12 lists the inter-
atomic distances and the corresponding bond numberss The sums of the
bond numbers for the strontium atoms are 6.54 and 6.22 for Sry and
Sr, respectively in. structure 11 while for the silver atoms the sums
are 5.12 and 5.13 for Ag and Ag, respectively. Although the values of
the valence for silver agree satisfactorily with the expected valence
of 5.44, the values for the strontium atoms are much larger than the
expected value of 2, The high values of the calculated valence for
strontium are possibly due to compression of the bonds and electron
transfer.

It may be mentioned in conclusion that the structure of the inter-
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Table 12

Interatomic Distances and Bond Numbers

Type of Distance Length (R) Bond Number

3,38 0.614

Sr,=- 3.34 0.716
! Agz 3.33 0.745
Sro-Ag) 3.34 0.716
337 0.638

Sr "Ag 3.42 0.526
27=2 3,40 0.569
Srl-Srl 40 18 0.259
4,79 0.025

3!‘2-3!'2 4. 17 00270
4,79 0.025

srl-'Sl‘z 4.40 Oolll
4,43 0.100

4,10 0,352

Ag1=Agy 2,93 0.380
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metallic compound NiTh has recently been determined (8)s The structure
of this compound has the same space group and the same number of atoms
per unit cell as structure Il, but the atomic positions are quite dif=-
ferent which is perhaps somewhat surprising in view of the fact that

the radius ratio of thorium and nickel (1.45) is very nearly the same

as that of strontium and silver (1.49).
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Ve THE INTERWETALLIC COMPOUND Ag,Srs

A. HMaterials

An alloy of the composition Ag,Sr3 was prepared from 9.01 gme of
silver and 11.00 gm. of strontium by the same method and from the same
materials used to prepare the Ag55r alloy. The composition of a repre~
sentative sample of the alloy found by chemical analysis agreed within
1% with the composition Ag,Sr 46

The alloy was brittle and grayish in appearance. It was very re-

active and on exposure to air rapidly disintegrated into a black powder.

Be X-ray Photography and Laue Symmetry

It was very difficult to isolate single crystal fragments of this
alloy suitable for X-ray photography. About eighty fragments of the
alloy were mounted in glass capillaries as was done with the fragmentis
of the AgSr alloy.

Lauve photographs of the fragments showed that all but one of them
were polycrystalline. The single crystal fragment displayed Lave sym-
metry D2h—mmm. With a Supper VWeissenberg goniometer two rotation photo-
graphs with rotation about one of the orthorhombic axes (labeled the a
axis) and Weissenberg photographs with h = 0,1,4.4,410,15,20,25,30 and
35 were taken of this crystal using copper Kd radiation. The diffraction
pattern of a sodium chloride powder sample was also photographed on one
of the rotation photographs for calibration. Precession photographs of
the reciprocal lattice nets with k = 0 and 1 and .2 = 041 and 2 were
also obtained with this crystal using molybdenum K  radiation. A Supper

precession goniometer was usede A Straumanis type rotation photograph
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of the net with h = 0 was taken using copper K& radiations The dif-
fraction pattern of a quartz powder sample was photographed on the
same film for calibration purposes. Powder photographs of a crushed
alloy sample were obtained with a Philips powder camera (Straumanis

type) using copper Kd radiatione

Ce The Unit Cell Dimensions
The approximate unit cell dimensions were obtained from the ro-

tation and Weissenberg photographs. They were

a, = 42,0 R ,
b, = 4.80 &
c, = 6.40 R

As in the case of the AgSr compound the powder data could not be used
as the basis of a refinement of the lattice constants because of the
heavy background on the powder photographs. The refinement conse-
quently had to be based on single crystal data. Furthermore, because
of the similarity of the powder pattern of the Ag,Sry phase with that
of the AgSr phase, it was not possible to draw a defiﬁite conclusicn
regarding the compositidn of the single crystal even though all the
measurable diffraction arcs except two moderately weak arcs appeared
to match the single crystal data both with respect to Bragg angle and
intensity.

Accurate values of the parameters bo and ¢ were obtained from
precise measurements of the Straumanis type rotation photograph of the
reciprocal lattice net with h = 0. This refinement was carried out in

exactly the same way as the refinement of the b and c parameters of
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the AgSr structure. The results of the refinement based on data gathered
at 25° C. were
b, = 44792 £ 0,001 & ,
c, = 6.391 £ 0.001 R .

4+

-+

The uncertainties are the probable errors.

Table 13 lists the calculated and observed Q's with their dif-
ferences and corresponding weights. The differences again indicated
that there was a systematic error present in the observed data (pro-
bably due to absorption). However, this error was found to be small
enough to be neglected.

A more accurate value of a  was obtained in exactly the same man-
ner as the corresponding parameter of the AgSr structure. The value of
a, determined from data obtained at 25° C. was

a, = 41.59 = 0.05 R
where the uncertainty is the probable error.

Figure 10 shows the values of 2 obtained from the individual
measurements plotted against sin 0. There is no indication of syste-
matic errors in the data and the refined value of a, should require no

correction.

De The Atomic Arrangement and the Unit Cell Contents

Very early in the investigation it became clear that the Ag28r3
and HgSr structures were closely related. Both structures have orthor-
hombic symmetry and the cell dimensions are related in a very simple
wayes The b and c_ parameters are practically the same, and the aj

parameter of the Ag,Sry structure is almost exactly 5/2 times larger
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3.28
2,15
1.64
1.42
1.26
le13
1.13
1,03
1.00
1.09
1.10
137
1,37
1.91
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Table I3

and Observed Values of &

Qobs

0.1748
0.1750
0.3925
0.3922
0.5670
0.5670
0.6962
06970
1.0882
1.0884
1.0886
1,5671
1.5671

1,7407

Qcalc
0.1742
0.1742
0.3918
0.3918
0.5660
0.5660
0.6967
0.6967
1.0885
1.0885
1.0885
1.5670
1.5677

17412

QQbS— @

calc
0.0006
0.0008
0.0007
0.0004
0.0010
0.0010
-0.0005
0,0003
-0.0003
-0.0001
0.0001
0.0001
-0.0006
-0.0005
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than that of the AgSr structure. There is also a striking similarity
in the distribution of diffraction intensities. This similarity is par=-
ticularly striking for the reciprocal lattice nets with [ even which
are virtually indistinguishable from each other. It was therefore a
reasonably safe conclusion that the atomic arrangements are the same
in the two structures if no distinction is made between silver and
strontium atoms and that there are consequentiy 40 atoms per unit cell
in the Ag,Sry structure. The difference between the two structures,
then, must consist of a difference in the distributicn of silver and
strontium atoms over the atomic sites which are all the same in the
two structures (ignoring small differences in the atomic coordinates).
If the composition is given by the formula Ag,Sry, there would then be
16 silver atoms and 24 strontium atoms per unit celle This conclusion
is not confirmed too we!l by density measurements. The calculated
density is 4.99 gm. ame™ while the experimental density of the alloy
as found by pycnometric methods was only 4.50 gm. cm.-sa It is pos=
sible that the great reactivity of the alloy led to a very poor experi-
mental density.

There seems to be no method for finding the distribution of stron-
tium and silver atoms over the atomic sites except the trial and error
methode The observation that the reciprocal lattice nets with f odd
are also similar to those of the AgSr structure is undoubtedly of great
value in reducing the number of possible trial structures but so far
only a little progress has been made. If the atomic sites are occupied
as required by the formula Ag,Sry, the accommodation of more strontium

atoms than silver atoms would make it necessary that some of the rows
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of atoms parallel to the ¢ axis be considerably staggered = more stag-
gered than appears plausible after inspection of the (hk0) diffraction
intensities. This latter point is particularly puzzling. There is no

evidence of disorder in the structure.
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Vile PROPOSITIONS

le The controversy over the mechanism underlying the operation
of the glass electrode can be resolved by the use of a radioactive
tracer such as tritium.

2. A satisfactory understanding of the nature of the solutions
of alkali metals and alkaline earth metals in liquid ammonia has not
been obtained yet. From a solution of calcium in liguid ammonia the
solid compound Ca(HH3)6 can be precipitateds This presumably crystal~
line compound has the same optical and electrical properties as the
liquid solution of calcium in ammonia(l and 2). It is proposed that
an attempt be made to determine the crystal structure of the solid com-
pound in the hope that the results will be of value in elucidating the
properties of these metal ammonia solutions.

3. Ethylenediammine tetraacetic acid is very insoluble in acid
aqueous sclutionse Thus in acid solutions it is a very poor chelating
agent. Aliphatic sulfonic acids are completely soluble even if the
aliphatic chain is large so that substitution of an aliphatic sulfenic
acid for some of the acetic acid should result in a vastly improved
chelating agent particularly in acid solutions.

4. In preparing intermetallic compounds it is common practice
to let the eutectic mixture solidify with the crystals of the inter-
metallic compound. In general it would be more satisfactory if the in=-
termetallic compound could be obtained alone. A technique is suggested
that’should make this possible in many cases.

5« L. Alders in his book poses two questions dealing with the

extraction of a solute from a solution by a limited quantity of an ime
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miscible solvent in a cross-current extraction process (3). They are
(a) Yhat portion of the total amount of the immiscible solvent
available must be used in each stage to obtain the greatest ef-
ficiency of extraction?
(b) llust extraction be effected in many or in few stages to
obtain the greatest efficiency of extraction?
His mathematical solutions of these questions do not seem adequate.
Two alternate solutions are offered.

6. In a recent structure investigation of the a phase in the
vanadium=aluminum system it was found that the structure of the a phase
contains holes large enough to accomodate atoms (4). This is contrary
to the generally valid rule of efficient packing in metals and alloys
and does not seem reasonable. It is recommended that the structure
of the a phase be re~investigated.

7. It is conjectured by botanists that desert lichens are able
to absorb enough moisture from evening dews or perhaps directly from
the air at night when the relative humidity is reasonably great to
maintain their vitality. This hypothesis could be easily tested in a
laboratory under controlled conditions.

8. A modification of the layer line screens of the Supper
lieissenberg goniometers is proposed. With this modification the width
of the slit can be reduced without limiting the range of possible equi-
inclination angles. Reduction of the width of the slit would cut down
the amount of general background on the photographs and also extend the
usefulness of the goniometer to crystals with large cell dimensions.

9. It is a known fact that X-rays (characteristic radiation) can
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be excited with positive ions impinging on the surface of a material
(5,6 and 7). No or negligible bremsstrahlung is produced. Such a
source will produce essentially pure, unpolarized characteristic radi-
ations Therefore an X=ray source of this type would be superior for
A=ray diffraction work to those ordinarily used. Since very litile is
known about production of X~rays by positive ions, it is proposed that
an investigation be made to determine if such a source of Xerays is
practical for X-ray diffraction work,

10s In the qualitative analysis scheme of Noyes if both silver
and mercurous ions are present, freshmen invariably get no test for
silver. This is due to the fact that mercury metal reduces the silver
present in any form to silver metal thus removing it from solution and
subsequently leading to negative or inconclusive tests for silver. To
avoid this difficulty the following modifica{ion can be made

A, Hgy'y P (3 ml. of solution)
lAdd 6 i HC
AgCl, Hg,Cly, PECL,

| Wash with hot Hy0

HgoCloy Agll 7 ™y pytt

Add 12 M HCl (3 ml.) Add 6 M HA_ and 1 W K,CrO
K/ ¢ 27 74

AgCl, E%gglg _ PbCrO, (yellow)
AgCl; )
115 M Kby \, Add 1]
Black if Hgy' is Agl (yellow)

present, diSsolves
if only AgCl is present

Note: Small amounts of Pb'' can be carried through without interfering
with the tests for either Ag+ or ng+ .
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