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STANDARD X-RAY DIFFRACTION POWDER PATTERNS

Vol. I—Data for 54 Inorganic Substances

Howard E. Swanson and Eleanor Tatge

In continuation of the National Bureau of Standards project for improving the
file of X-ray diffraction patterns published by the American Society for Testing
Materials, sets of patterns in the file, each representing a different chemical, have
been reviewed with the object of supplanting them with single standard pattems., Re
ports are made on substances for each of which a pattern prepared at the Purean is
affered to replace a set now in the file. Four additional reports are included, one
for high eristobalite, for which no pattern was prepared at the NBS, and three, which
are not represented in the ASTM file, on selenium dioxide, zinc borate, and magnesium
tungstate.

The substances reported upon are Mg, Al, Ni, Cu, Zn, Ge, Yo, Pd, Ag, 5n, Te, W,
Ta, Pt, Au, Pb, BeD, Mg0, S5iC, (low cristobalite), 5i0, (high cristobalite), Ca0, Ti0,
(rutile), TiQ, {anatase}, NiO, Cu0, GeO,, As,0;, Se0,, Sn0,, CeD,, ThQ,, CalOH),, NILCL,
LiF, LiCl, NaF, KF, KC1, Kbr, KI, CaF,, KaF,, hg,Cl,, llgCl,, Hel,, PEFCI, KCN, NaCN
{eubic), NalN {orthorhomhic), Sr{NO,),, BalNO,),, Znk,0,, Mg,5i10,, and MgWO,.

The ASTM patterns are tabulated tor rcomparison with additional patterns frem the
literature and one prepared at the NBS. Miller indices are derived from the caleu-
lation of sacings by desk calculater or the electronic computer SEAC., TInterplanar
spacings in angstroms {except where cotherwise noted) and relative intensities from 1

to 100 are tabulated,

erature are noted.

For the NES pattern the three strongest lines are given, as
well as the lattice constants and the computed density,
the sample is noted if it could be determined.

The index of refraction of
Crystal- structure data from the lit-

1. Introduction

Three hundred or more substances are rep-
resented in the X-ray Diffraction Pattern card
file [1]' of the American Society for Test-
ing Materials by more than one pattern each,
many of the patterns di ffering materially
from each other. Upon the recommendation of
the Joint Committee on Chemical Analysis by
X-ray Diffraction Metheds,? a critical exami-
nation of repeated patterns in the card file
is being undertaken as part of a program for
the general improvement of the file, Patterns
made recently for 53 substances at the Na-

tional Bureau of Standards are presented, com-
pared with those in the file and in the lic-
‘eraturg, and recommended for adoption as
standard patterns, 50 of them to replace 170
patterns now 1n the file, and three of them
(Senz, ZnP,-zo,‘, and MgWUJ offered as additions

lFigures in brackets indicate the literature refer-
ences ab the end of this volume. They are in alphabetical
arder.

2The Joint Commitiee represents the Americen Crystal-
lagraphic Society, American Society for Testing Materials,
and the Tnstitste of Physics (England}.

to the file. Also,
cristobalite (SiOZ), for which no NBS pattern

was prepared,

the patterns for /-

in the
ASTM file is recommended as a standard. The

are discussed, and one

eight patterns given in an earlier paper
[2187], in which the technique used in the
NBS laboratory was outlined, are included in
this paper with some slight revisions. A com-
plete list of the patterns reported 1s given
on page 3.

Priefly, for preparing the NBS pattern,
a Celger-counter spectrometer with a 160-
degree arc was used, which permits recording
the patterns into the back reflection region.
Copper Ka x-radiation with a wavelength of
1.5405 A was considered most satisfactory for
general use, Separate charts were made for
interplanar spacing and for intemsity meas-
urements so that the flat sample surface de-
sirable for the former did not preclude the

disorientation of particles necessary for the

latter. Actual peak height from background
was used for intensity measurements. Samplu's
1



used were sufficiently fine-grained, usually
less than 25 microns, to give reproducible
results. The spacings for all NBS standard
patterns were corrected by an internal stand-
ard of tungsten, except that for the tungsten
pattern, silver was used. The unit cell used
for tungsten calibration was 3.1648 A and for
silver calibration, 4.0861 A, both at 25°C
119 7.

sten lines were obtained from the intensity

Lines occasionally hidden by tung-
diagrams. All spacing errors inherent in sam-
ple mountings, sample density variations,
spectrometer alinement, and recorder lag were
easily compensated by the use of the internal
standard. The samples used were of high chem-
ical purity, and chemical or spectrographic
analyses are given (rarely both). Phase pu-
ricty was
sible.

not more than #1°C from that recorded in the

checked microscopically where pos-
The temperature was allowed to vary

respective tables,

The diffraction lines were indexed and
the lattice constants determined. For the cu-
bic substances the indexing was done by com-
paring theoretical spacings calculated on a
desk calculator. The electronic computer

SEAC (National Bureau of Standards
Automatic Computer), used under the direction

Eastern

of Dr. Fred Ordway, proved a time-saving de-
vice for computing the spacings for many of
the substances.

So far as peossible the interplanar spac-
ing data reproduced in the tables were re-
duced to angstrom units as internationally
agreed upon in 1946 [2847.

the data are known to be, or assumed to be,

In some cases

in kX units, which are less than angstroms by
a factor of 1.00202 [ 2647, and thus easily
converted, In others, Bragg angle data are
computed to obtain spacings directly in ang-
stroms; or the wavelength of the radiation
used in preparing the pattern is compared
with the actual wavelength in angstroms te

obtain a conversion factor. The dates heading

the column are those of the first publication
of the basic data.

With regard to other units, the values of
the coefficient of linear thermal expansion
given are those which could be readily lo-
cated in the literature and which cover a
The density
is given in grams per cubic centimeter. In-
dices of refraction for the NBS materials
were obtained in white light with oils stand-
ardized by sodium light; indices quoted from

satisfactory temperature range,

the literature are accompanied by subscript D
for the sodium J line, or Li for lithium.
Lattice constants from the literature are
presented in order of date in unnumbered
tables in the text for comparison with those
obtained from the NBS data.
lated in angstrom units and are given at 25°C,

They are tabu-
the most commonly stated temperature, if a
coefficient of expansion 1s availahble frem
the literature for use in recaleylating, This
results in an occasional difference between
the NBS lattice constant given in the text
(at 25°C) and that appearing with the tabu-
lated pattern {at the experimental tempera-
ture, usually 26°C, noted at the head of the
column).

The cumulative maximum error of inter-
planar spacing and lattice constant measure-
ments on NBS patterns varies not more than
+5 in the last signifi¢ant figure recorded.
In most cases the last significant figure for
the density depends rather on the precision
to which atomic weights are known than on
that of the lattice constant, which 1s usu-
ually greater,

The original sources are noted of all
tabulated lattice constants,

patterns, and,

where practicable, structure data. For some
of the simpler structures it was not always
easy to ascertain who was first responsible
for the determination of the structure of the
compound in guestion and a reference could

not be given with certainty.



2. Patterns

The duplicate patterns considered here
are listed in table 1. In the table the file
card numbers are given for both the old (1940-
41) and new {1950) files of the ASTM, followed
by the index numbers (interplanar spacings for
the three strongest lines).

Tables 2 to 55 list Miller indices, in-
terplanar spacings, and relative-intensity

measurements for the substances considered.
Also, in the case of cubic materials, the lat-
tice constants calculated from each spacing
are given and averaged at the bottom of the
table. The text preceding each table fur-
nishes the following information: Origin of
the patterns (such as ASTM cards, or litera-
ture); source of the NBS material, 1ts chem-
istry, and its treatment preliminary to pre-
paring the pattern; basis for converting the
spacings of each pactern to angstrom units;
the three strongest lines of the NBS pattern—
the lines used for indexing the ASTM cards;
crystal structure data, such as the type of
lattice, space group, and the number of mole-
cules in the unit cell; the lattice constant
determined {from the NBS pattern, compared
with constants obtained from the literature;
the density, calculated from the NBS lattice
constant; and the index of refraction, 1f it
could be

was easily available for other pure material

determined on the NBS material, or

from the literature,

A compglete list of the patterns given is
magnesium (hexagonal); aluminum (cubic); nick-
el (cubic); copper (cubic); zime (hexagonal);
germanium {cubic); molybdenum {cubic); palla-
dium {cubic); silver (cubie); tin—white or £
(tetragonal); tellurium (hexagonal}; tungsten
{cubic); tantalum {ecubic); platinum (cubic);
geld (cubic); lead (cubic); BeO—bromellite
{hexagonal); MgD—periclase (cubic); 310, — low
or o cristobalite (tetragonal}; 8i0,—high or
£ cristobalite (cubic); CaO—lime (cubic};
Ti0,~rutile (tetragonal); TiO, —anatase (te-
tragonal); NiO-~bunsenite (cubic); CuO—teno-
rite {monoclinic); GeQ, (hexagonal); As,0,—
arsenolite {(cubic); Se0,—selenclite (tetrag-

onal); Snoz—cassiterite {tetragonal); Ce0,
(cubic); ThO,—thorianite {cubic); Ca(CH),—
portlandite (hexagonal); NH,Cl—salammoniac
(cubic); LiF (cubic); LiCl {cubic); NaF—vil-
liaumite {cubic); KF (cubic); KCl—sylvite
(cubic); KBr {(culnc); KI (cubic); Can—fluo-
rite {cubic); BaF2 {cubic); HgZClz—calomel
{tetragonal); ligCl, (orthorhombic); Hgl, (te-
tragonal); PbFCl—matlockite (tetragonal); KCN
(cubic); NaCN (cubic); NaCN (orthorhombic);
Sr{N03)2 {cubic}; Ba(NO3)2——nitr0barite {cu-
bic); 7nB,0, {cubic); Mg25104--f0rsterite {or-
thorhombic); and MgW0O, (monoclinic).

TaBLE 1. ASTH card to be superseded
Card number Jundex lines
Source
0ld 1950 01d [ 1950
1. Magnesium
2042 3124 | 2.44 |2.44 {100]
1-1151 | 2.75 | 2.75
1-1148 | 1.61 | 1.61
2924 3080 | 2.45 | 2.45 fes]
1-1135 | 2.77 {2.77
1-1141 | 2.60 | 2.60
2. Aluminum
3060 3224 | 2,33 |23z [102]
1-1380 | 2,625 2.03
1-1179 |1.21 {1.21
3049 3242 | 2,34 {2.3 {s59]
1-1186 | 1.221 | 1.22
1-1176 | 2.02 |2.02
3223 | eees 2. 32 [170]
3-0938 | ... 2,03
3-0932 | ____ 1.43
3061 3225 | 2.33 [2.33 [85]
1-1181 | 2.02 | 2.02
1-1180 | 1.430 | 1.43
I1-2503 3243 | 2.33 | 2.3% |Crystallographic Labo-
2-1117 | .22 §1.22 ratory, Cambridge,
2-1109 | 2,02 {2.02
3. MNickel
3462 3645 | 1.95 |1.95 103 ]
1-1272 | 1.13 |1.13
1-1272 | 0.74 {0.74
3362 3595 | 2,038 | 2.04 [104]
1-1276¢ | 1.067 | 1.07
1-1258 | 1.766 | 1.77

L3



TaBLE 1. ASTY cards to be superseded—Con. TagLE 1. ASTH cards to be superseded—Con,
£
Card numler Index lines Card nomber Index lines
N Source Source
od 1950 old | 1950 old 1950 o | 1950
3. Mickel-—Con. 7. Melybdenum
3379 3577 | 2.03 |2.03 [ss5] 7D 3331 1 2.215) 2.22 [104]
1-1263 | 1.76 11.76 : 1-113 | 1.283] 1.28
1-1260 | 1,244 ]1.24 1-1208 | 0.839 | 0.84
3397 3578 | 2,01 [2.01 [s9] 3155 3330 | 2.23 | 2.23 [s0]
1-1264 | 1.741 [1.74 1-1212 | 1.283] 1.28
1-1266 | 1.053 } 1,05 1-1205 | 0.994 | 0.99
_________ 3575 | _____{2.03 [12a] 3169 2328 | 2.22 | 2.22 [8s]
3-1050 | ... 1.78 1-1211 | 1.281}21.28
3-1043 | _.___ 1.25 1-1207 | 1.57 1 1.57
,,,,,,,,, 597 | __|2.02 [144] 8. Palladium
3-1057 | oeoo- 1.06 [
e | e 3883 3938 [ 1,192 1.19 104
1-1310 { 2.274 | 2.27
4, Copper 1-1310 ;1,395 | 1.40
3312 3504 | 2.08 ) 2.08 [se] ° 805 1940 | 1.163|1.16 [5¢]
1-1244 | 1.798 | 1.8¢ 1-1312 | 2.21 |2.21
1-1242 | 1.08331.08 1-1312 }1.995 | 1.93
_________ 3498 | .___[2.09 [124] 11-4108 3941 [1.16 [1.16 [60]
3-1027 | ... 1.81 2-1438 [2.21 {2.22
3-1005 | -oooo 1.28 2-1438 | 1.92 |[1.92
1E-2828 3499 | 2.08 |2.08 [242] a151 3300 [2.23 |2.23 [as]
2-1231 | 1.81 {1.81 1-1202 | 1,94 [1.94
2-1225 | 1.28 ) 1.28 1-1201 |1.371 |1.37
3311 3500 | 2.08 |[2.08 Las] 9, Silver
1-1243 [ 1.81 |1.81
1241 [teprves |0 b | e 4095 [ coenin foomem [231; 249]
3-1316 | oo eee-
......... 3501 | .____|2.08 [88] 3136 || ..
3-1026 | ... 1.81
1015 | .. 1.28 3010 3103 | 2.37 |2.37 [52]
1-1173 | 1.23 | 1,23
......... 3526 | _.—__| 2.08 | Allis-Chalmers Mapu- 1-1J64 | 2,05 | 2.03
3-1035 | -.-- 1.27 facturing Co.
31018 | . __. 100 | AR | [ (R 3178 | ----- 2.36 [124]
3-0916 | ooo. 2.03
§e Mae 3-0921 | ... 1.44
o It - o
3315 3524 | 2.077 | 2.08 | E10-20) e S [ 3221 | .. 2,32 [124]
1-1247 | 1.339 | 1.34 3-0936 | oonoe 2.05
1-1244 | 1,332 1,33 3-0931 | ...._|1.44
3308 | 3470 | 2.08 |2.08 fss)] 3022 376 |2.36 |2.36 [e5]
1-1237 | 2.46 |2.46 1-1168 | 2.04 |2.04
1-1238 | 223 |23 1-1167 {1.232|1.23
f. Germanium 10. Tin
......... 1761 | —_. - |3.24 |Schatzlein 2269 2314 | 2.91 | 2.91 [85]
gonsnof s 1.99 1-0919 | 2.7y |2.7¢
30486 | ... 1.70 1-0926 |2.01 |2.01
_________ 1676 § _____[3.26 |Fuller, and [85]. 11-1471 2186 | 2,95 | 2.95 |PBritish Museum,
3-0460 | ... 1.99 2-0678 [2.81 |2.81
3-0478 | oo 1.70 2-0709 |2.02 |2.02




TaeLe 1. ASTH cards to be superseded—Con, TaBLE 1. ASTH cards fo be superseded—Con.
Card number Index lines {ard number Index lines
Seurce Source
Old 1850 old | 1950 old 1950 old {1950
11, Tellurium 15. Gold
3910 3074 | 1,075 1.08 [25] 3038 294 [ 2.35 | 2.35 [59]
1-1313 | 1.092 | 1.09 1-1174 | 1.225| 1.23
1-1313 | 3.845] 3.85 1-1174 | 2,03 {2.03
1765 1751 | 3.22 |3.22 [208) 11-2471 3175 | 2,36 |2.36 [a8; 605 124
1-0738 | 2.34 {2.34 2-1093 | 2,04 | 2.04
1-0727 | 2.22 b2.22 2-1095 | 1.23 |1.23
_________ 1705 { ...._] 3.23 [170] 3036 3179 | 2.35 |2.35 [ss]
3-0493 § ... 3.5% 1-1170 | 2.03 | 2.03 :
3-0488 | _____ 2.35 1-1172 | 1.227 | 1.23
TI-1111 1753 { 3.22 | 3.20 (s8] 16. Lead
2.051s ]2.33 | 2,33
A |y 2426 2580 | 2.81 [2.81 [s9])
1-1004 | 1.480 | 1,48
1737 1752 {3.24 | 3.24 [as] 1-0995 | 2,44 |2.44
1-073¢ |2.31 [ 2.34 C137]
10714 J2.22 |22} 0} |- 3861 | ... 1.48 e
3-1150 | ... 0.84
_________ 1830 ceeee| 319 | Institute of Physics, 3-1156 e | 2,79
3-0518 | ..__ 2,33 | Cardiff.
e | - T1-1698 2581 | 2.82 |2.82 (0]
2.0830 [ 1.48 | 1.48
12. Tungsten 2-0811 | 2,44 | 2.44
3154 3394 |2.23 |2.23 [s9] 2367 2440 | 2.85 |2.85 [ss]
1-1208 {1,289 1.29 1-0966 | 2.47 |2.a7
1-1203 ] 0.997 | 1.00 1-0972 | 1.74 | 1.74
313 3325 [2.23 | 2.23 (gs5) 11-1663 2579 | 2.84 [2.84 |Harcoure,
1-1209 |1.200] 1.29 2-0826 | 1.48 | 1,48
1-1204 | 0,846 | 0.85 2-0799 | 1.74 | 1.74
10 T L | 3842 | _..__ 1. 49 [33]
| = ] 3-1154 | oooos 2.84
3847 3905 | 1,335 1.34 [ 104 e e
1-1309 | 2,315 2.32
1-130¢ | 0.872| 0.87 17. Beryllium oxide
11-2491 3236 | 2.34 | 2.34 [189] 3336 3474 | 2.06 |2.06 [as5]
2-1114 | 1.25 | 1.35 1-1240 | 2.34 12.34
2-1104 | L.04 | 1,04 1-1248 | 2.19 |2.19
3063 3235 | 2,31 | 2.33 (€25 A 3475 | .. 2.05 [147]
1-1184 | 1.346 | 2.35 3-1014 | ... 2,33
1-1182 [ 1.85 | 1.65 3-1085 | oo __ 1.34
ey P b 3222 | ..., 2.33 (2]
; ; [104] 3-0037 | .. 2,05
884 3933 | 1,183 1.18 104 B o
1-1311 | 2.265| 2.27
1-1311 1387 3s il o | el 3220 | .aaa 2.34 |United Steel Companies,
) - (59 3-0935 | ... 2.06 | England,
3118 3285 | 2.27 | 2. 59 o nooc il e
1-1195 | 1.179 | 1.18 S ||
1-1190 | 1,956 1.96 ik, e G
3132 3265 | 2.25 [2.25 (as]
1-1191 | 1.95 [1.95 11-3816 ass0 [ 1.48 11,48 fe7]
1-1194 {1,382 1.38 21400 | 1.27 | 1.27
2-1395 l1.21 | .21




TaBLe 1. ASTH cards to be superseded—(Con, TaBLE 1. ASTH cards to be superseded—Con.
Card number Index lines Card number Index lines
3 Source Source
old 1950 old | 1950 01d 1950 0ld lwso
18. Magnesium oxide—Con, 21. Caleium oxide—Con.
11-2798 3416 | 2.10 | 2.10 | United Steel Companies, 2989 3133 |2.39 | 2.39 [s5]
2-1195 | 1,48 | 1.4% | England, and [256]. 1-1172 | 1.89 | L.69
2-3207 | 2.42 [ 2.43 1-1160 | 2.76 | 2.76
3286 3424 | 2.10 | 2.10 fes? | | .. 3784 | ... 1.69 [45]
1-1234 | 1.485] 1.49 3-1127 | cmae. 2.39
1-1235 | 1,213/ 1.21 B | 0.98
_________ 3326 | - [ 2,10 (48] 22, Titanium dioxide {[rutile)
3-0095 | ... 1,48
3-0998 | . 0. 940 3653 3774 [1.69 {1.69 las]
1-1292 [3.24 |3.24
19, Silicon dioxide (-cristobalite) j-1292 2,49 2,49
11-512 1005 [ 4,03 | 4.03 |United Steel Companies, II-108% 1774 | 3.24 |3.24 |Bricish Museum, Crys-
2-0288 | 2,48 [ 2.48 | England, and [149, 2-0526 [l.68 [1.68 | tallographic Lab.,
2-0285 | 2,83 |2.83 | 6]. 2-0494 [1.36 |1.36 | Combridge, and [19,
. 125, 246].
_________ ees | _____ | ----- | Continuztion of pre-
2-0289 | | ----- ceding card. | | _________ 373 [L.a9 1,60 |United Steel Compa-
2-0286 | ..o 3-1124¢ [3.25 |2.25 | nies, England.
3-1122 [1.36 [1.38
1010 1004 | 4.04 | 4,04 [as5]
1-0445 | 2,48 | 2,48 23, Titanium dioxide {anataza}
1-0438 | 2.85 | 2.85
_________ B3 B I [233]
________ 1037 | .- | 4.084 | Allis-Chalmers Manu- 31332 | ___ | _____
30273 | o ____ 12,47 facturing Co. 3-1332 | oo | oo
30971 | .. 3.14 :
II-911 1390 | 3.47 | 3.47 |}Britizh Museum, Crys-
......... 002 f ... 14,07 [220] 2-0411 |1.88 {1.82 | tallographic Lab,,
3-0271 | _____ 2,50 2-0406 | 1.59 1. 69 Cambridge, and [246 ],
3-0267 | ... 1,54
1406 1324 |a.52 |3.52 [a5]
......... 1003 | ____{a,04 {11] 1-0572 |1.88 |1.88
3-0272 | oo 4,42 1-0562 |L70 {1.70
3-0270 | ____. 2.85
11-876 1323 |2.51 |3.50 [United Steel Compa-
......... 1008 | ..... |4.03 (48] 2-0291 | 1,89 {1.89 { nies, Fngland.
3-0274 4. 2.41 2-0887 [1.70 | 170
3-0272 | o___. 2. B4
24, Nickelous oxide
20, Silicon dioxide (f-cristolalite)
9sg 0964 |4.14 | 4.14 [254] I1-2809 516 2,00 { 2,04 Unfted Steel Compa-
2-1238 | 1,48 | 1.48 nies, Englend, and
e T 2-1216 |2.41 {2.41 { [139; ¢3; 124]
1-0424 | 1,632 | 1,64 ; ' s
_________ 0965 | -ooos | 4. la (2] PR | Rl || poee || cae Les]
3-0259 | _____|2.52 :i::; “““““
30257 | ... L | (O | e | bl
11-588 0962 | 414 | 4.4 [2s5, 8] 30 gl ||t [as)
2-0976 |2.53 | 2,53 o o
e Al E 1-1238 | 1.474 | 1. 47
A, Ealefmm arid 25. Cupric oxids
11-2441 3140 {2.40 |2.40 |United Steel Compa- | | ... __ 3014 | ... 2,52 Lis5])
2-1079 |1.7¢ {1.70 | nies, England, and 3-0B67 | _-_.. 2,11
2.1088 11,45 11.45 | [a9; q0], 2-0867 | _____ 1,04
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TsBLE 1, ASTH cards to be superseded—~Con. TabLe 1. ASTY cards to be superseded—Con.
Card number Index lines Card number Index lines
Source Source
old 1950 old | 1650 01d 1950 OldJ 1950
25, Cupric oxide—Con. 29, Stannic oxide—Con.
11-2252 3012 | 2.52 | 2.52 [185] 1626 1574 | 3.31 § 3.34 [85]
2-1036 | 2.32 | 2.32 1-0667 | 2.64 | 2.64
2-1040 | 1.86 | 1.87 1-0657 | 1.75 { 1.75
_________ o [ 225 ] 11-3351 3735 | 1.76 | 1.78 [19)]
31263 | oo b 2-1341 | 1.50 | L.50
21963 |t 2-1337 [ 1.21 | 1.2
. i 11-3357 3734 | 1.75 [ 1.75 | Harcourt; and Insti-
R B e | b lIRinegurt i | dorpBiiics 2-1336 [ 3.33 [3.33 | ctute of Mines, Lenin-
2-1037 (2.30 {230 ish Museum; and 2-1340 | 2.6 | 2,62 grad, USSA.
2-1041 | 1.4 |La1 | [22s].
_________ 1576 | o.._.| 332 [88]
351 3013 32,51 | 2,51 [85] 3-0444 | o 2.62
-t |23 o 3-043 | . 1.75
LS HLLTN R 6 S0 - | R S| | B 3736 | _oone 1.75 | British Museun.
_________ 3086 | _——__| 2.48 (np) e
30886 | ____ 9,32 31116 | -o.._ | 262
e L0 | UL 3732 | .. 1.76 | United Steel Compa-
24, Germanium dioxide 3-1110 ) .o 3. 25 nies, Fngland,
- ——— 3-1114 | ... 2.64
1528 1446 [ 3.41 | 3.41 [es]
1-0625 |2.35 | 2.35 . Ceric oxide
T 11-3085 3675 | 192 | 1.92 [1B3]
I1-938 1458 |3.43 | 3.43 [2601] 2-1306 | 1.64 | 1.64
anen | nee || ise 2-1306 | 1.11 | 1.11
2-0419 1 1.42 | 1.42 1927 193 | 3.11 | 311 [8s]
27a. Arsenic trioxide {arsenclitel 1-0802 1,50 1.90
1-0800 | 1.62 |1.62
......... 4022 | ool | oo [24]
31238 | oo | oo 31. Thorium oxide
3-1234 | cooenf oo 11-2995 334 {198 |1.98 (193]
1I-4177 3975 [ 1.068 { 1.07 [181] 2-1288 | 1.69 | 1.63
2PLL ST VAR 320 1769 1773 | 222 |32 [85]
1820 1776 | 3.18 {3.18 [es] 1-0745 y1.68 | 1.48
10747 | 6.3 5.3 1-0731 | 1.97 | 1.97
S 32, Calcium hydroxide
I1-
e ; ;ii: 3];2 f;: 53] 11-2043 2011 | 2.63 | 2.63 [:9]
2'0 30 1'9 1' 2-0983 | 1.80 | 1.B0
itk il 2-0967 | 1.93 | 1.93
27hb, Arsenic trioxide (claudetitve) 2687 | o 267 | 2.63 [as]
11-1155 1855 [3.19 {319 [is3d | | meeeees- 4.93 | 4.93
2-0550 |1l.0e8 {107 | b p | e 193 11.93
2-0531 |3.53 §3.53 11- 2049 2856 | 2.62 | 2,62 | No reference—United
28. Selenium oxide. No ASTM pztterns. 2-0953 1 4.91 | 4.91 Steel?
- - 2-0968 | 1,92 | 1,72
29, Stannic oxide
11-2050 2857 | 2.62 | 2.62 | United Steel Compa-
1
Fouf IR0 ol L2s] 250 | 4.89 [ 4.39 | nies, Englond,
. : ' 2.0 1. L.
1-0625 | .77 | 1.77 pe ’2 i

11




TABLE 1. ASTX cards to be superseded—Con. TaBLE 1. ASTN cards fo be superseded—{on.

Card number Index lines Card number Index lines-
Source Sovurce
old ] 1950 old | 1950 0ld 1950 o1d | 1950
33. Ammonium chloride 37. Potassium fluoride
2570 2762 | 2.718 | 2.72 o] 2614 2820 | 2,69 [2.69 [s7]
1-1051 | 1.568] 1.57 1-1069 | 1.887 | L.89
1-1044 | 1.924] 1.92 1-1956 | 1.192 | 1.19
2539 2754 | 2,734} 2.73 [oz] 2656 2830 | 2.66 |2.66 [gs]
1-104¢ | 1.5%7] 1.58 1-1070 | l.88 | 1.88
1-1037 | 3.874 | 3.87 1-1069 | 3.08 !3.08
I1-1850 2758 | 2.73 |2, {236, B2) 11-2042 2901 {2.63 |2.63 |Cryscallographic Labo-
2-poa4 1 1.58 | 1,58 20976 | 1.8T | L.&7 ratory, Cambridge.
2-0887 | 1.93 |1.93 2-0966 | 1.19 [1.19
2569 2161 | 2.72 | 2.72 [85] 38, Potassium chloride
1-1050 | 1.57 |1.57 [
11043 |3.85 |3.85 1911 1913 | 3.12 | 3.12 51]
1-0795 | 2.21 | 2.21
......... 2773 | ----.1 2,74 | Uniced Steel Compa- 1-079%9¢ | 1,812 | 1.81
3-0810 | ... .91 nies, England, [ ]
- e 1904 1914 | 3.13 | 3.13 85
1-079¢ 32.21 [2.21
34. Lathium fluoride 1-0785 1.81 [ 1.81
3408 3559 | 2.00 | 2.00 [s7] 39. Potassium bromide
1-1258 | 2,31 | 2.31 [
1-1270 | 1,422 1,22 1705 1a64 | 3,27 { 3.27 57]
1-0708 | 2.32 | 2.32
3407 3558 | 2.00 | 2.00 [es] 1-0695 | 1,465] 2.47
1-1257 | 2.32 § 2,32
BT o e e 1676 1661 | 3.29 | 3.29 [es]
1-0701 | 2,33 | 2.33
I1-2511 3226 | 2.32 | 2.32 |Crystallographic Lab- 1-068C | 1.45681 1.47
2-1107 | 2.01 | 2.01 aratory, Cambridge.
2-1111 1’42 1'42 40, Potassium iodide
35. Lithium chlaride 1393 1302 |3.53 | 3.53 [s57]
1-0359 | 2.49 ! 2,49
2194 2214 | 2.96 | 2.9 [s7] 1-0555 | 1,578] 1,58
i'zgzg fsi i 5? _________ 1306 | —oooe 3.50 [170]
= .814 | 1.8 3-0360 | .-.._| 2,48
2193 2212 | 2.96 | 2.9 [835) 3-0365 | ... L.57
1-0894 | 2.56 | 2.56 1392 1299 |3.53 | 3.53 [8s5]
1-089% |1.81 | L.al 1-0558 | 2.50 [ 2.50
1-0554 | 4,08 | 4.02
I11-1354 2095 | 3.01 | 3.0l |Crystallographic Lab- - -
2-0638 | 2,59 | 2,59 | eratory, Cambridge, 41. Calcium fluoride
r LIz [ IR 3475 3650 |1.93 | 1.03 {85]
36. Sodiom fluoride 1-1273 13.16 | 3,26
1-1274 [1,65 [1.63
=i | [s7] 11-3061 | 3651 [1.93 | 1.93 [William Jessop & Sams,
by | ) 2-1300 |3.15 [ 3.15 | Ltd., Englend; and
B I e 21302 | 1.64 [1.64 | Uniced Sceel Compa-
w075 3232 | 2.32 |2.32 [as] nies, England,
1-1183 | 1.64 | 1.64 1I-3071 3684 |1.93 | 1.93 | United Steel Compa-
1-1184 | 1.336 | 1.3 2-1312 1111 | 1,11 nies, England.
2-1305 13.15 [3.15
I1-2522 3233 | 2.31 | 2.31 |Crystallographic Labo- R
2-1112 | 1.63 |1.63 | ratory, Cambridge, | [--------- 3654 .. 1.90 [Bricish Museum.
2-1115 | 1.34 |1.3¢ | and [256]. 3-1079 J..... 3.10
3-1088 | ... 1.63

12




Tapie 1. ASTH cards to be superseded—Con. TaBLE 1. ASTH cards to be superseded—Con.

Card number Index lines Card number Index lines

Seurce Source

01d 1950 0ld | 1950 Gld 1950 g1d | 1950

42, Barium fluoride

47, Potassium cyanide

II-2633 3305 12,20 {2.20 [o21] (22]
2-1147 J187 Jrer [ | [ emeeeeee- SOLLE [ESTEY R =
2-1157 | 1.43 | 1.43 31208 | _____| ...
3-1299 cmee | e
1346 1311 | 3.58 | 3.58 [as]
1-0563 3.19 2,18 II-1064 leas 3. 26 3.26 [ 159 ]
1-0533 | 1.86 | 1.86 2-0485 | 2.3 [2.30

2-0482 | 1,97 | 1.97

43, Mercurous chloride

17 41 1667 || 3.26 | 3.26 L85 |
1869 1792 | 3.155 ] 3.16 [90] 1-0705 | 2,30 | 2.30
1-0757 [ 4.143[4.14 1-0700 | 1.96 | 1.96

1-0768 1.962 | 1.9
4B, Sodium cyanide {cubic)

......... 1842 | coo_|3.12 [112] |- ’
3'05? """ :'36 T1-1530 2348 | 2.92 | 2.92 [1s6]
ERlEE ) oL 1-0742 | 2.06 | 2.06
TI-1222 1921 13.13 | 3.13 [196] o || Sl e 3
z-ﬂsm; 1‘3“ 1‘3"’ 2234 2346 | 2.94 | 2.94 [85]
ORI el e 1-0922 | 2.07 | 2.07
1-0913 | 1.69 | 1.69
945 0959 {4.16 | 4.15 [85] — =
1-0426 §3.17 | 3.17
1-0420 | 1,97 | 1.97 49. Sodium cyanide {orthorhombic)
44. Mercorie chloride } { _______ 9934 | _____ 2,06 [240]
&5 2 30638 | - oo 2.03
812 0852 | 4.35 |4.35 fas] ety || 3.

1-0377 |3.00 | 3.00

L0365 e 10, 270 50. Strontium pitrate

I1-524 0826 | 4.34 | 4.34 [26]
2-0249 | 4,08 | 4,08 132 0733 |4.50 |4.50 [es]
2-0255 | 3.36 |3.36 1-0336 |2.35 |2.35

1-0336 | 2.24 | 2.24

45. Marcyric isdide

i 31, Bara 1brat.
3204 3336 |2.1B3}2.18 [51] . Wi
i':ﬁii 3. fﬁg 3. fﬁ 2933 3111 [ 244 | 2,44 Las]
AT || G lER | e L1 1-1144 | 4.69 | 4.69
......... 4060 | .. | oo. [99] 1-1144 |[2.34 |2.34
3.128L | oo |- Ly -
3-12B1 | ;oo | aaeam 52, Zanc Lorate., No ASTM patterns.
1362 1312 | 3.56 | 3.56 [as] *
1-0564 | 2.1B | 2.18 53, Magnesiom silicave
1-0542 |4.11 |4.11
3627 3752 | 1.74 }1.74 [ss]
45. Lead fluachloride 1-12%0 | 3.89 3.89
I1-856 1310 | 3.5¢ [ 3.54 | British Museum. LLISIR E Ti i
2-0388 [2.25 1225 | | 0 3760 | . 174 (48]
2-0377 [ 1.17 | L7 31119 | oo | 2,44
_________ 3928 | ... | 1,22 [164] Sl
B || oo 1.29 , T
31182 | o 1.79 54, Magnesium tungstate. No ASTM patterns.
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2.1. Magnesium {Hexagonal)

In addition to the two patterns recorded
in the ASTM file {see table 1} four were
found in the literature: 1920, Bohlin [18];
1923, Owen and Prestorn [176]; 1929, Grime and
Morris-Jones (84); and 1933, Finch and Quarrell-
[68]. These are compared in table 2 with a
pattern prepared at the NBS.

The magnesium sample used for the NBS
pattern was obtained from the Dow Chemical
Co. Spectrographic analysis at the NBS in-
dicates the presence of calcium <¢.01 percent,
and traces of Al, Cu, Fe, and Si.

In table 2 the data of Hull and Bohlin
were derived directly ir angstrom units from
the published Bragg angle data. The electron
diffraction measurements of Finch and Quarrell

TasLE 2. Hagnesium (hexagonal)

1917 1920 1923 1929 1933 1938 1953
Hull Bohlin Owen and Grime and Finch and Hlamawnlt., Rinn, Swanson and
- Preston Morris-Jones Quarrell and Frevel Tatge
Mo, 0,7093 A Cu, 1.5405 A |Mo, 0,7093 A Cu, 1.53405 A Electron Mo, 0.7093 A Cu, 1.5405 A,
diffraction 26°C
4é i 2 Fe d d I a d I d X
4 A 4 A A 4 A
___________________ 3.06 m I I (P M B S | [ B ecca | cemosttes |[eoossa
100 2.75 47 2.8l m 2.75 2.791 m 2,83 2.78 30 2,780 35
002 o oo 2.63 S [ 2.813 m 2.53 2.61 25 2.606 41
................... 2.49 a e | 1 |
101 2,45 100 2,48 ¥s 2.41 2.459 ] 2,19 2.45 104 2.453 100
102 1.90 33 1.93 s-m 1.89 1.903 m 1,96 1,90 20 1,901 20
003 § ol ] amaas 1.76 W L | T [ e e | P | e | e | D —
110 1.561 AT 1.82 m-w | oL 1,606 m 1.42 1. 60 20 1.605 18
111§ o] el 1.55 ¥R IR || Sstooocayfodonoo k¥ || ciccoccn || cocoos || sasccacss || cosass
103 1.48 40 1.49 m 1.46 1,474 ™ 1,43 1.474 20 1.473 18
200 | eemeeao . 1.41 1 e | R TR0 | —Etocmooeeo () eeceeemes | boosoo 1.38¢9 2
112 1,37 40 1.38 m } 1.34 { 1. 367 m 1,37 1.381 18 1,366 16
201 1,33 13 1.35 m 1,344 m¥, | SRl e 1.344 13 1,343 %
(0117 A (ORI [ 1.31 w ) 001~ T O I R 1. 306 3 1.303 2
202 1.227 7 1.24 w ) R O O ORI 1.227 3 1,227 2
104
113 1.186 1 1.19 " 03 || commomee | commas 1.19 1.182 3 1,1795 2
203 1.089 10 1.093 w 1.076 1,083 w 1.11 1.084 4 1.0851 2
P LU SOURORPUR IRREPIUR SRR ISP B imwmmmem fmmamen | L06 | cmmmean | oo 1.0505 1
211 1.032 20 1.038 W 1.017 1.030 w 1.02 1.032 7 1.02%95 T
114 1.012 1 1,018 AT R 1.012 | s | e _ 1.012 3 1.0112 3
108 0.976 13 0,980 T || saesoooscoo 0.9761 0.98 0.976 4 0.9757 2
{07 S R [ R [ 0,961 | cocammn | mmmmmm b L [OOSR [, 9505 1
300 0,931 L || cccmmae s kR || et || comeee 2 0,927 1 9265 1
213 L904 | | 902 0,89%8 w .90 500 3 +8988 )
302 872 N O —————— L8635 JBT45 LT R WB72 1 8729 2
205 .B36 ) [, L || coomoccal| Soncoo 8337 2
o | .. SRR | PO —— | p—— } S0 IR R { R e e | [ElE .8288 1
' U NN (ORI [ INSDIRRUR SN SNSRI PSR OI [N ISR VST IS 8177 1
k1 N S ISR NI S 0.812 | cocmecie | cmmmee | mmcmececece | mmemcee | memeee | mmmemeen | e
0.765
....... 0,763 e o [ N I, o || comoee
76 7 758 - { 74l } 1
10
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are presented as published. Measurements by
the remaining workers were converted to ang-
stroms from kX units. The two patterns pub-
lished by liull gave the same interplanar spac-
ings; only the one reproduced on the ASTM
The Bohlin pat-

for approximately the

card 1s given in the table.
tern shows two lines
spacing required for 101, one of which is ex-
Bohlin also feund
lines at 001 and 003 not found
pattern, and at 111,

tranecus te the structure,
in any other
occurring only in the
electron di ffraction pattern of Finch and
Quarrell. It is surprising that neither Hull,
nor Owen and Preston reported the strong 002
line.

Two patterns were published by Hull [100];
they are much alike, and only one appears in
the ASTM file and in table 2. The three lines
104, 300, and 205 recorded an table 2 as <1,
were miscalculated in converting them for the
ASTM card as 3 rather than as 0.3, The inten-
sities ol Hanawalt, Rinn, and Frevel and of
the NBS compare closely except that the 002
line is almost twice as strong for the pattern
of the latter. The NBS sample, in minute
spheres formed upon atomizing the material,
was particularly satisfactory for this deter-
mination as particle orientation was not pos-
sible,

The structure of magnesium, which is hex-
agonal close-packed, was worked out by Hull
[1643] in 1917. The space group is D}, (C6/mmc);
there are two atoms in the unit cell,

Some recent unit cell determinations,
after the addition of corrections for temper-
ature and conversion o angstrom units, are
tabulated:

Unit cell at 25°C, angstroms

a ¢

1932 | Stenzel and Weerta [212) . _____. 3.2091 ]5.2104
1935 | Jette and Foore [119].._ .. ... 3.2095 | 5.2107
1935 | Owen, Pickup, and Roberts [175]-- 3.2091 | 5.2115
1938 Ievil}g, Straumenis, and Karlsons

(15172 I 3.20027 | 5.21033
1939 | RBaynor and Hume-Hothery [190]___t3.,20048 | 5,113
1940 | Foote and Jette [71, 72] ... 32095 | 5.2107
1942 JRaynor [190] .. . oooooooo... 3.20949 | 5.21096
1935 | Swanson and Tatge._ .. oo ... 3.2094 | 5.2103

The 1939 deteminations of Baynor and Hume-
Rothery [191] of the coefficients of expan-
sion were used in correcting for temperature:
27.9 x 10-% parallel to ¢, and 27 x 10-% par-
allel to g, The density based on the NBS
unit-cell determination is 1,737.

2.2. Alumioum (Cubie)

Five patterns of aluminum recorded on
ASTM cards (see table 1) are compared in
table 3 with a pattern prepared at the NBS
and one by Scherrer [202) obtained from the
literature. The material used for the NBS
sample was a mel ting-peint Standard Sample of
aluminum prepared in the chemistry laborato-
ries of the Bureau. The chemical analysis
{in percent) is 51, 0,011; Cu, ,006; Fe, ,007;
Ti, .Q001; Zr, .003; Ga, .004; Mo, ,00002; S,
.0001; Al, 99.94 (by difference).

The intensity measurements on the ASTM
card accompanying the spacings ascribed to
the Crystallographic Laboratory correspond to
those of the 1925 Davey pattern except for
one line, and were probably supplied from that
source; the 40}, a very weak line, has the in-
tensity given as 80, surely a misprint for the
40 of the Davey pattern. This set of inten-
sity measurements 1s the only one showing the
311 line stronger than the 200. All patterns
show the 111 line as the strongest, The order
shown by the NBS pattern 1s 111, 200, and 311
as first, second, and third strongest lines,

Aluminum has a face-centered cubic lattice
[102], four atoms to the unit cell, and the
space group O} (Fm3m). Unit cell values from
the literature are compared below with the
NBS determination.

Unit cell, angstroms at 25°C

a
1933 | Owen and Yates (1781 . _____.._..__ 4.0495
1935 Jette and Foore [119]_____________. 4.049%
1936 |Jevins and Streumenis [121] .. __._. 4,04961
1936 Straumanis and levin® [ 216 ) ooooo.. 14,0489
1940 Foote and Jette [T].l] _______________ 4,0495
1941 | Lu and Chang [141]_ .o ... 4.0498
1941 |Van Bergen [230) _ . . __ 4.04955
1948 Axon and Hume-Rothery [a)oo 4.0495
1953 Swanson and Tatge.woeee. oo 4, 0494

These were accompanied by temperature
data, and by means of a coefficient of ex-
pansion of 23,84 x10°% [4, 67, 127, 230] were
converted to angstroms at 25°C., Using the

1]
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NBS lattice constant, the density was calcu-
lated as 2.697 at Z5°C.

For table 3, the spacings of three of the
five ASTM patterns were converted to ang-
from the kX units in which they were
given. The Olshausen interplanar spacings
were calculated for the table direccly from

SLrams

the measurements pgiven of the Bragg angle.
Hull used 0.712 as the wavelength for molyb-

denum radiation; his spacings were convertced
to angstroms to correspond with a wavelength
of 0.709 A. The pattern by Scherrer, a slight
improvement on that of Hull made the year be-
fore, was calculated for table 3 directly in
angstroms from Bragg angle data. Agreement
among the patterns on spacings 1s excellent,
as demonstrated by the uniform unit-ecell val-
ues shown at the bottom of the table.

TaBLE 3. Alumtnum fcubic)
1917 1918 1625 1925
nEl Buil Scherrer Lavey Ol shausen
Mo, 0,7093 A Cu, 1.5405 A Mo, 0.70903 A Cu, 1.5405 A
d I a 4 I a d I a i I a
A A 4 A A A 4 A
111 2.32 100 4,02 2,33 5 4.036 2,34 100 4,05 2.32 Vs 4.02
200 2.02 60 4.04 2.021 m-5 4,042 2.02 %0 4.04 2.02 = 4.04
220 1.42 50 4.02 1.426 m 4.033 1.434 80 4,056 1.428 s 4,039
311 1.20 60 3.98 1.220 4,043 1,223 100 4,056 1.219 s 4.043
222 1.17 20 4.05 1.168 w=m 4,046 1.172 50 4_060 1.168 m 4,046
400 1,01 3 4,04 1.010 w=m 4. 040 1.015 40 4. 060 1.010 m 4,040
in .93 25 4.05 0.928 4,045 0.930 0 4,054 0.931 s 4.058
420 .90 25 4.02 L905 m 4,047 . 907 70 4,056 . 907 s 4.056
422 L h2 10 4.02 a27 m-s 4,051 .27 50 4,051 B30 5 4. 066
511 ] 15 4.05 . T80 5 4.053 LTT9 &0 4,048 | oo e
440 .71 2 4,02 | oo | aeea e LTl6 20 4,050 | comamaaas ——--
531 .68 4 Elif) || ccscmmecs || coces || cecocooos || sooomceea || cooos || sommescos || commoeaes soos
Average unit cell from
last five Jinesoo.ooo-. A.03 § oo | e 4,047 | ccmemman oo 4,052 | o _-- PV 4,053
1938 PR, 1953
P Banawalt, Rinn, and Frevel CrystalJographic Laboratory Swanson and Tatge
Yo, 0.7093 A Mo, 0.7093 A, 25°C Cu, 1.5405 a, 23°C
d I a g I a g I a
A4 A A A A A
111 2.3 100 4.04 2.337 100 4.048 2.334 100 4., 150
200 2.02 40 4,04 2.025 a0 4.050 2.024 47 4.048
220 1. 433 30 4.053 1.432 Bl 4,050 1.431 22 4,047
311 1.221 30 4. 050 1,220 100 4,046 1.221 24 4.0489
222 1.170 7 4.953 1.169 50 4.050 1.1690 7 4.0495
400 1.013 2 4,052 1.012 80 4,048 1.0124 2 4.0496
33 0.930 4 4.054 0.929 70 4.049 0.924% R 4.0440
420 907 4 4,056 . 906 70 4,062 LB055 8 4,0485
422 828 1 4,056 . 827 50 4,061 B266 8 4.0495
511 179 1 4.048 LTTY &0 4,048 | oD e | me e
40 | i i mmmmmen | e | i ] i ) e e | e
LI e ettt et || B i | st e | e e b oo oo || e e || commmmeecama || comccmecs || coscmomosoon
Average unit cell from
last five limes___________.___ 4,083 | e | e 4,050 | oo eal | oo a 4.0494
12
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2.3, Mickel (Cubic}
An unusually large number of patterns has
Table 4 15 based
in the ASTM
card index file of X-ray diffractien patterns

been published for nickel.
on 15 patterns, 6 of which are
{see table 1), nine additional patterns found
in the literature, and the proposed standard
pattern made at the NBS. The literature
sources are 1917, Hull [103]; 1920, Bohlin
[18]; 1922, Wever [247); 1925, Levi and Tacchini
[139]: 1925, Clark, Asbury, and Wick [49];
1926, Holgersson [95); 1928, Roux and Cournot
[195); 1929, Greenwood [83]; 1939, Boochs
[20].

With regard to the ASTM cards, the ear-
recorded, the 1917 pattern of
Hell [103], was retracted in 1921 {106]), and
1s replaced in table 4 by a second pattern

liest pattern

from the same 1917 publication, not in the
ASTM file, Hull’s 192) pattern was published
twice 1n successive articles in the same jour-
nal [104, 106]. The ASTM card ascribes 1t to
the second of these. Jung's published pattern
(123] comprises four lines, of which the fourth
is omitied from the ASTY card, probably due
to 1ts lack of precision.

The sample of nickel used for cthe NBS
pattern was prepared by the Johason, Matthey
& Co., Ltd., laboratories of Londen, England;
1t 1s numbered 3236.
analysis {in percent) showed as impurities Mg,
<}.01; Sa, <0.01; Ca, <0.01.

Table 4 compares the interplanar spacings,

Their spectrographac

intensity measurements and unit cell dimen-

sions of the 15 patterns. Nine of the inves-
tigators published # or sin @ values rather
than interplanar spacings. The spacings were
calculated for the table directly in angstrom
units, The spacings of the Davey, the Hanawalt,
Rinn, and Frevel, and the Boochs patterns were
converted to angstrom from kX units, The two
Hull patterns, one made with tungsten radia-
the

other with molybdenum {wavelength 0.7!2}, and

tion with a wavelength given as (.212,

the spacings of the Boux and Cournot pattern
giving the wavelength of the molybdenum radi-

ation used as 0.712, were converted to ang-
strom units on the basis of the wavelengths
used. Wever tabulated the @ values for sev-
eral samples of nickel; these are closely
parallel and ene, of a sample of high purity,
was selected for table 4. Only one of two
similar patterns published by Davey was chosen
for the table, Mazza and Nasini likewise pub-
lished several patterns, of which one was se-

lected for the ASTM card and

here, Comparison of the lattice constants

is reproduced

for the lines of each pattern shows that nene
of the

patterns is accurate to more than two decimal

interplanar spacings of the published

places,

Five of the patterns record intensity
measurements numerically. The older ones show
the effects of uncorrected absorption and fo-
Those of Hanawalt, Rinn, and
and of the NBS,

di fferent

CuUSINg errors.
Frevel although uwtilizing
radiations in their preparation,
agree in designating the three strongest or
index lines as the 111, 200, and 320.

The common form of nickel discussed here
has a face-centered cubic lattice [103], four
atoms to the unit cell, and the space group
0: {(Fm3m}, About 40 lattice constants

found in the literature,

were
many of these of
high precision. Six, accompanied by the nec-
" essary data

AFE,

termnation.

for conversion to angstroms at
the NBS de-
For the conversion the coeffi-

are tabulated below with

cient of expansion of 13.4 x 10°% was used,

an average of two recent values [122, 179].

fnit cell in angstroms, 25°C

1931  |Phrsgmen [185) oo 3.5255
1932 | Owen and Iball {1737 .. ... _.__ 3.5254
1934 jJesse [118) oo oo . 3.528
1935 | Jette and Foote [ 71, 119, 120]._._.. 3.5239
1936 | Dwen and Yates [ 179 o oo ... 3.5247
1941 |[Lu and Chang (141) .. ___.__ 3.5247
1941 | Fracke [76] o .. 3.5239
1953 Swanson and Tatge o ______________ 3.5238

The density, based on the NBS lattice
constant, is 8.907 at 25°C.
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TABLE 4.

Krckel (cubic)

1917 1920 1921 1922 1925
X Huell Bahlin Hull Wever Levi and Tacchini
El
W, 0.2086 A Cu, 1.5405 A Me, D.70493 A Cu, 1.5405 A Cu, 1.5405 A
a a a I a a I a a I a a I a
A A A 4 A A 4 A A 4
111 1.98 3.43 2.05 ¥s 3.55 2.03 100 3.51 2.04 vs 3.53 2.05 s 3.55
200 1.74 3.48 1.77 S 3.54 1.76 50 3.52 1.76 s 3.52 1.73 a 3.46
220 1.23 3.49 1.25 s-m| 3.54 1.25 40 3.54 1.25 m 3.53 1.23 A= 3.48
311 1.05 3.48 1.065 s 3.532 1.062 &0 3.522 1.043 s 3.526 1.057 5 3.506
222 | cmmmee | oo 1.020 w 3.533 1.018 10 3.526 1.019 w 3.530 1.011 ow 3.502
400 | mmeee | e mee | e el SN 0. 880 2 3. 520 0.879 ¥w 3.515 0.8B80 m 3.520
33D | cccmii | e | ceme e Boo || cacnoooo .809 20 3.526 80T 5 3. 519 810 5 3.531
420 | cormeee ] e | oo R .TB8 15 3.524 787 5 3.520 .T90 vs 3.533
4722 cocooooo || cosmcee || cocae == oo || cecoosss .720 10 3.527 | oo cooo bl cosoeos | P
Gl || cosmmmee | cocceas || cecomee oo0 || comoocos 678 10 3.5823 | - ] SN EVIOEvI | P———
440 | o) o aeals coo || ocoosone . 622 1 3.518 SO | TSR | Pe—— coes ||ooosooe
531 | . ___ o || sesme=s |} coooaoo NI | B S, .595 8 3.520 B L T —cos |[cscooos
600 T RS ToToT=y=N | | —— s== || coonoone . 587 4 3,522 IR [ coc= ||s=memes
Average unit
cell for last
five lines——- | *3.48 {__.____ S (L O <7 I U (R Nco R | VU > 2 SR ceee | 3,518
1925 1925 1926 1927 1529
Davey Clark, Asbury Holgerssen Jung Boux and Cournot
ARl and Wick
Mo, 0.7093 A Mo, 0.70G3 A Fe, 1.9360 A Fe, 1.9360 A Mo, 0.7093 A
d ; }_-_-- _-a___ a a a I a d 4 @ a I r a
A 4 A A 4 A 4 A A4 A
111 2.0 100 3.48 1.96 3.39 1.96 a0 3.409 2.037 Vs 3.528 2.063 | vs 3.573
200 1.745 88 3.490 1.76 3.52 1.715 BO 3.430 1.780 | ¥s 3.560 1.786 | s 3.572
220 1.235 5 3.453 1. 249 3,533 1.227 30 3.470 1.253 va 3.544 1.238 3.502
311 1.055 88 3.49% 1. 069 3,345 1.053 100 3.492 1.127 w 3.738 1.081 3. 585
222 1.011 63 3.502 1.025 3.551 1.011 60 3.502 | caeenan ooo || cososses || oesssos So|| aoecss ==
400 0.877 50 S| cocsten]| soocoos || cooseas | S | R SV | NN | NP —— Y N Eoo
331 806 63 3.513 0.822 okEE) || soooooo || ooocs || cossaco|| Becseco codo || cocosocs | ecccass a6 || ecmecos-
420 .784 63 3. 506 .T94 2155 ] J PEVNSSRN I | R | ——— coos || asecssos |} ccoooae P
422 ki 63 SRS || ceemeon || Seccooo || coooooe ]l cmmes || cccmmma]|| cocsaet PO cadetial oo | - oo e
511 o coooo| | cootll|| Bhooooo || cosnoos comeme= || pemanos || cecon || cocooonl| coossoo oo || sesssses || eooooos == || ===crooo
[ Z LI [RpUPRORUPE OV NS Y (U [ U [ R——— cooc || oomsooos || cosoosc oo i cmommmes
BRIl || cccccaci] concc || commoes || cooomon || cecccce || coccccs || comee o [ - U U S TOICLL S —
() CH AN || | S | U | | IS R | [ —— SCVSVSSISHE | RN | RPNV |l S gy Yy
Average unit
cell for last
five lines-- - __. 3.808 | -eeooe 3580 | oo | 3.461 | ceoeenn S I T 7 P .| 43.558
? Average of last three linas, (Continued)

bAverage
©
Average

Avarega

14

of last two linea.

of four lines.

of three lines preceding last line.
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TaBLE 4. Nickel {cubic)—Con,
1920 1920 1938 1430 1953
Greenwnod Mazza and Nasini Hanawalt, Hinn, Boochs Swanson and Tatge
hEl and Frevel
Cu, 1.5405 A Cu, 1.5405 A Mo, 0,7093 A Electron diffraction Cu, 1.5405 A, 26°C
4 -3 a I 3 d I a d 2 d I a
A A A 4 A A 4 A 4 A
111 1.836 3.180 2.02 100 3.50 2,01 100 3.52 2.0351 3.5240 2.034 100 3.523
200 1.767 3.534 1.75 34 3.50 1.76 30 3.52 | ol oo 1.762 42 3. 524
2201 | cmcmen | mmmaaas 1.24 47 1.51 1,247 3z 3.527 1.2511 3.5386 1.245 21 3.524
31l 1.071 3.552 1.44 &5 3.52 1.083 3z 3.526 1.0734 3.5607 1.0624 20 3.5238
222 1.023 3.550 1.01 19 31.50 1.019 4 oD Wl coccmece il comoma = 1.0172 7 31,5237
| |
400 | 0,887 3.548 0.88 10 | 3.52 | . (S {1 S | | 0. 8810 4 3.5240
331 | Bl1zZ 3,540 .80 33 | 3.49 0.810 8 SRR [ Sl o L i S | 8084 14 3.5237
42 LT91 | 3.547 .78 32 | 3.49 L1900 4 3.533 T8R0 15 3.5240
R ||| TE S || Lk | v SN | L 720 B SIAEEY/ ||| SRS | S - oS | S S |
ST | (1] S | S 1 | P | | S (| S 679 a 3.528000 - ___L TAE SR || SR | SE (| SO
440 _______ R S R SRR e I | e M o e A e = U L
FPL. || commmmes |foacoode |[camas J NEESEE [ st S E s NN sl S n St IS S IO IRl (IR s
L2001 T R (DENISORP [N (R I NS N [ SRS TSR [N IR [
Average unit
cell for last
five lines— | 3.547 |______| _____ 3.50 | oo | oooe 3.530 | coomooooos SR BN || o | emaee 3.5238

Y Average of last three lines.

2.4, Copper (Cubic)

The six patterns for copper in the ASTM
file {see table 1) are supplemented in table
S by twe from the literature, by Sidhu [207)
and by Terrey and Wright [219]. The NBS pat-
tern was made with a sample of copper from
the metallurgical laboratory of the Bureau.
It had been heated 1in a hydrogen atmosphere
at 300°C, Spectrographic examination at the
NBS showed the following impurities from 0,001
to 0,01 percent: Ag, Al, Bi, Fe, Si, and Zn.

The spacings for the Jung patterns were
calculated for table 5 directly in zngstroms
For the
other patterns the spacings were converted

from the published Bragg angle data.

from kA to angstrom units, except that of
Allis-Chalmers (presumably a personal commu-
1t appears on
the ASTM card, the unit employed not being
known, The second of the two Jung patterns
appearing on ane ASTM card was published with
additional Cu,0 lines which are omitted in
the table, For the Jung and the Waldo patterns

nlcation), which was left as

two columns of intensity measurements are
given, the first as originally published, the
second as converted to numerical values on

253747 O - 53 - 2

the ASTM card. For most of the patterns the
three strongest lines are 111, 200, and 220.
The lattice was first determined by Bragg
(31) in 1914 as face-centered cubic. The
space group 15 O: {Fm3m) [107], and there are
four atoms 1in the unit cell. Nine unit cell
with that
angstroms

determinations are compared below
of the NBS,
at 25°(C;

16.99 x 10 ¢

All were converted to
the coefficient of expansion
[67]) was used.

Unit cell in angstroms at 25°C

1933 | Owen and Yates [178) ... .. o ... ... 3,6155
1933 | Cbinata and Wasserman [168] ___________ 3.6155
1936 | Hume-Rothery, Lewin, and Reynolds [109) | 3.6148
1939 | Owen and Roberts [177) .. . .._...... 3.6151
1940 | Foore and Jette [71] ..o ... 3,6151
1941 | Lu and Cheng [240) .. ... 3.6149
1941 | Fricke [76 ] oo, 3.615
1942 | Hume-Rothecy and Andrews [108)_.______ 3.6151
1945 | Hupe-Rothery [107 ). ... 3.616
1953 | Swanson and Tetge. oo cocicomoccmaaaas 3.6150

From the NBS unit-cell determination the
density was calculated as §,932 at 25°C.
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TaeLe 5,

Copper (cubic)

1925 1926 192¢ 1928 1935
Davey Jung Jung Terrey and Walde
Wei
Akl right
Mo, 0.7093 A Cu, 1.5405 A Cu, 1.5405 A Cu, 1,5405 A Mo, 0.7093 A
i i 7 @ R A ) a Ry e a = CE il (2 e
: 4 A A A A | A A 4 A A
| 111 |2.08 [100| 3,60 | 2,08 |= |[100|3.60 | 2.08 | vs| 100| 4.62 [ 2,085 | 3.610 | 208 || 100| 3.60
L 200 | 1,802 | 8& | 2404 1.806 | & 100 | 3.612 1.806 w 40| 3.412 1.804 3. 609 L.814 [} 80| 3.528
! 220 | 1L.274| 71| 3.603 1.283 | s | 100 |3 A28 1.281 E BO| 3.423 1.276 3.609 1.274 [} 80| 3,609
o311 l 1.0B5| 86 | 3.599 L.094 | = | 100 | 3.64] 1,091 | ms 0| 3.618 1,089 | 3.611 1.089 ] 80| 3612
222 | 1.040 | 56 | 3.603| 1.050 |ms| B0|3.641 1.049 | w 40| 3.634 1.043 3,612 1.042 | w 5G| 3.610
400 1 0.902 | 29| 3.608| 0.907 |w 4013.628 | -~ S [ RSy [ | 0.903 |vw| 20§ 3.612
KX B28 ) 56 | 3.609 | oenaal ==} o=l cooos || coooses co || 2oe | cosmos | esoooes || cananns 830 w 40| 3.518
420 JBOS | 42 ] 3.613 ) oo N I R [ — =oo || o= || sasens || csocacs | sesccos .B09 w 40| 3.618
422 LT36 | 42 | 3.606 | .. oo | oss || oocss || soneooa el coo || 2emens || comacos || someaes LTda | vw 20| 3.606
|Average wnit cell
for last five
i7" 3.608 | ooenis G | S 1930 | o || e 10 BB o s ]| RO || oiies || W
L= — || W | W S - o
|
1938 1942 il 1948 1953
Hanawalt, Rino, Harcourt Allis-Chalmers Sidhu Swanson and Tatge
Bkl and Frevel
Mo, 0.7093 A Cu, 1.5405 A Fe, 1.9350 A Cu, 1.5405 A Cu, 1.5405 A, 26° C
b I 2 d I a i I a il I a 2 I a
A A A 4 (<) (") A A A £
111 2.08 140 3.60 2.08 100 | 3.60 2.08 1100 3.60 2.08 vs 3.80 2.088 100 | 3.617
200 1.81 531 3.62 1.81 50 | 362 1.80 | 70§ 3.60 1.81 s 3.462 1.808 46 | 3.6154
220 1.280 33 2.620 1.278 40 | 3.s615 1,27 90 | 3.59 1.28 m 3.62 1.278 20 f 3.6150
31 1.091 33 3.818 1.090 40 | 3.815 1.090 | 90 | 3.62 1.09 m 3.62 1.0900 17T 1 3.6151
222 1.045 9| 3.620 1.045 10| 3.620 1.04 | 70| 3.60 1.04 w 3.60 1.0436 51 3.6151
400 0. 907 31 3.628 0,905 50 3.620 | ...... T | 0,905 | vw 3,620 0.9038 31 3.5152
331 o B -830 St 3.818 |------ coo || commees B30 | m 3.618 8293 91 3.6148
420 § oo sce || sooocce- L8146 o || HolhE | ceeeee R LB | s 3.618 8083 8} 3.6148
422 | . = || cce=coen || cooooos meco|| ===mmms [[ smmces R B = co || =—emmmae || emmmaas SRS | P
Average unit cell
far last five
I eceessesmasas d3.622 | -l 3.619 .. __ o] 360 f oo -] *3.810 | ——__| 3.8150
®As first published, POn ASTM card. “Unit not known, dhvernge of four lines only. ®Average of three

lines only.

2.5. Zinc (Hexagonmal)

Twe patterns for zinc recerded in the
ASTM file (see table 1) are compared in table
6 with a pattern made at the NBS and with 12
found in the literature. The literature sources
are 1925, Peirce, Anderson, and van Dyck [184];
1926, Freeman, Sillers, and Brandct [73]: 1928,
Roux and Cournot [195); 1929, Osawa and Ogawa
[171]; 1929, McLennan and Monkman [148]: 1933,
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Finch and Quarrell [69]; 1935, Kotin and Losada
(132]; 1936, Brindley [37]; 1937, Wollan and
Harvey [251]; 1937, Miller [154); 1938, Wronski
[252]; 1943, Kshler [128].

The sample of zinc used to obtain the NBS
pattern presented here was supplied by the
New Jersey Zinc Co., and was numbered 11837.
Spectrographic analysis at the Bureau showed
a trace of lead and faint traces of copper,




magnesium, and silicon. A Jump of zinc sub-
limed in an evacuated tube yielded a fine
powder,

The interplanar spacings of all patterns
listed in table § are in angstroms, some of
them changed from kX units, some computed di-
rectly 1n angstroms from Bragg angle data,
and others converted from angstrom units based
on old wavelength values. Only experimental
data are listed; published spacings computed
by some 1investigators in the course of work
on 1ntensily measurements do not appear 1in
the table.
1926 published a pattern showing the presence

The Kohler pattern

Freeman, Sillers, and Brandt in

of every possible line.

of 1943 misses the 006 line, and shows an ex-
traneous line between 114 and 210.

There 1s general agreement that 101 1is
the strengest line, The patterns since 1936
give 002 and 100 as second and third strong-
est, respectively, except for that of Wronski,
1938, which places these in reverse order.

The structure of zinc [106] is based on a
hexagonal lattice, space group D:h (C6/mme).
There are twe atoms to the unit cell., Values,
presumed all in kX units, found in the liter-
ature were converted to angstrom umts for the
following tahle and corrected for temperature

by means of the coefficients of expansion

TaBLE 6. Zinc (hexagonal)
1521 1925 1926 1928 1529 1929 1933
Hull Peirce, Anderson Freeman, Sillers Houx and Osawa and Meclennan and Firch and
and van Myek and Brandu Cournot Ogawa Monkman Quarrell
k&l
Mo, 0.7003 A Mo, 0.7093 A Mo, 0.7003 A Cu, 1.5405 A Fe, 1.2360 & | Cu, 1.5405 A Electron
diffraccion
) I 4 I d I 1 I a 4 a
A A4 A 8 A 4 A
02| 2.462 30 2.479 25 2. 461 30 2.489 vs 2657 | cosoooccccans 2.56
100| 2,284 10 2. 306 13 2,293 20 2. 356 0 ||ec ST iy BRSO 2.32
101 2.069 100 2.094 100 2,078 100 2.130 vs 2,089 2.078 2.12
102| 1.a78 il 1. 690 25 1677 15 1.742 m 1. 687 1. 4684 1.74
03] 1.334 Lili} 1.340 44 1.335 30 1.402 1.343 1.33% 1.32
10| 1.327 100 | | —oa-- 1.324 20 1.304 N 1.329 1.35
004) 1.230 5 1.236 2 1.231 3 W22 ow | e 1.30
112] 1.1s7 74 1.173 25 1.146 35 1.201 w 1.174 1. 169 1.1%
200] 1.148 5 L.150  § ----- 1.146 | | [ | R ——— 1.17
201| 1.117 40 1.124 19 1.i17 1 | PSS | . 1.123 1.11% } 1.12
104] 1.084 5 1. 090 3 1.085 L] cemmee || ememee 1.000 1.085
202| 1.040 10 1. 146 2 1.039 || ccccca || cmmoos 1.046 1,043 1.08
203| 0.943 20 0,944 | ______ 0.540 F N (R I . 0.943 0.96
G| | cocsmas| FaSSasnt | SRRt e PRV 1S [ [ | ) [ .93
114] 0.906 20 0.908 [ .901 5 | mmmmem | emmen | mmmmmmiimn e | o
b 1] [N, [ | [ 0.866 | oo | meen | eemmen | el 0.870 0.87
211 0.856 30 0.859 6 .853 [ SR R R .854 .86
204 o | e 847 2 839 | A [N [P N IO I
(U979 | [ R [ GUS I, 421 P O | 0.825 | - _
gug]j 0-82+ 1 10 { ______________ 817 i (P SR 821 0.84
(V] [N, [ [P I I N [P R TR | R —— .80
213 0.772 3 766 3 . e il
300|f 0-770 | 20 { ______________ 764 O e | e | R
205 783 | Lo | ... 70 I R N N | } -78
30z .73 20 | eemmeemen | oo .729 1 | S | S | S 74
214 714 B | cecomccoo || cocoon | cmosasmed| cecmmes || ceemen ||omemee || cemmemmomoe 12
116 L7700 - O o e e [ U IR
17
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TaBLE 6. Zinc (hexogonall—Con,
1935 1936 1937 1937 1935 1938 1943 1953
Kotin and Brindley Wollan and Miller Wronski Hanawalt, Binn Kohler Swanson and
Losada Harvey and Frevel Tatge

BRI

Cu, 1.5405 A {Cu, 1.5405 A Cu, 1.5405 A [Mo, 0.7093 A [Cu, 1.5405 A | Mo, 0.7093 A Cu, 1.5405 A Cu, 1.5405 A&,

26° C
[Pt = J - o p—
d I I I I I d I d ! 2 i
4 A ] A i

002 | 2.475| 100 35 13 32 41 2.46 25 2.48 8l | 2.473 53
100 | 2.310 100 28 30 26 44 2.30 20 2.31 68 | 2.308 40
101 | 2.092 a0 100 100 100G 100 2.08 100 2.00 100 | 2,091 100
102 | 1.687 60 15 15 14 26 L.68 14 1.69 50 | 1.687 28
103 15 1.34 53 | 1,342 25
| 110 }1"”3T 2 Y { 14 } e R e { 1.33 36 | 1.332 21
004 | 1.237 ST O ey TR R 21 ]| SEERETREE A Ao e 1.23 8 [ 1.237 2
112 | 1. 176 23 I 14 18 32 1.171 12 1.171 33 | 1.172¢9 23
200 | 1.155 o8 AN e | e e || cmemeeme e || Bosocmosocd: ||| Soomma- || | Aomms 1. 153 6 1 1.1538 5
201 | 1.124 21 9 11 11 26 1.122 g | 1193 22 |21238] 17
104 | 1.0%0 P | S & || |1 o e N b am ] B 1. 089 B | 1.0901 3
202 | 1.046 p | | SRR | | R (SR I oo odbeccas 1.042 2 1,045 6 | 1.0456 5
203 | 0.9458 | 11 4 4 4 12 0,943 2 | D.945 17 | 0.9454 8
105 . 907 2 909 17 9093 6
114 }-9036 7 8 7 5 15 { ___________ 906 | 25 | L9064 11
LK IR T || O O | N L s b e oo | oo . 905 pUTRT JEON,
XGNP T [ e S | e | et | [ cocomten o || B || comts .B72 8 |0.8722 5
211 | .8593 11 10 11 4 b1 Y | |k, | .859 a1 .8589 9
204 | .8438 4] | Y | | AR |y || B0 RE R | e | Rl .857 19 8437 2
o5l oo ] -2 HE L [ U R R ] | . £ N 8245 1
anzf S o | DX } E u L Blwaamillien it { 0.822 | 14 | 8225 | o

60.8 x 10" parallel to the c-axis and 14,3 x10°°
perpendicular to it [175].

Unit cell at 25°C in angstrom unils

192%
1932
1932
1933
1933
193§
1935
1953

Boas [17]

Hansen and Stenzel [85]
Owen and Ihall [174]
Jette end Foote [119]
Owen, Pickup, and Roberts [1?5]---
Swanson and Tatge

McLennan and Menkman [ 148 ]
Stenzel and Weertz [212]

2.
2,
2.
2,
2.
2,
2.
2.

a
662

6643
6640
6646
6646
6649
6648
663

c
4,960
4,9472
4.9468
4. 94466
4,947
4, 9468
4.9474
4,947

The density, based on the NBS unit cell,
1s 7.134 at 25°C.
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2.6, Germanium (Cubie)

The two patterns for germanium in the
ASTM file (see table 1} were not published
elsewhere; information regarding the first is
limited to the author’s name and date, and
the second is a combined pattern from two
sources, The two patterns are compared in
table 7 with one prepared at the NBS and
three from the literature, by Kolkmeijer [130],
Nitka [166], and Kénig [129].

The germanium used for the NBS pattern
was obtained from Johnson, Matthey & Co.,
Ltd., numbered 4065. Their spectrographic ex-
amination showed faint traces of silver, cop-
per, sodium, and iron present as impurities.



The Kalkmeijer and Nitka patterns were
published as Bragg angle data and the values
of the spacings were calculated for table 7
directly in angstroms. The spacings of the
other patterns were converted from kX units
In Nitka's pattern the reflec-
tion from the 400 plane was omitted; 1t is

to angstroms.

shown by the other patterns to be very weak.
In the patterns of Nitka, Eonig, and Fuller
no reflections were recorded with indices
higher than 511. Konig noted and indexed as
222 a reflection in his electron diffraction
pattern which is not consistent with the as-
sumed diamond structure of germanium as found
in X-ray patterns.

The intensity measurements of the patterns
of Kolkmeijer and Nitka are estimated values
represented by letters. No intensity values
accompany the electron diffraction pattern by
Konig.
tomary high values associated with the ab-
sorption and focusing errors of much film
work, A comparison between the Fuller pat-
tern and the NBS pattern, after a rough con-
version of the Fuller-Hanawalt intensity meas-

Schatzlein's pattern shows the cus-

urements from molybdenum to copper radiation
by means of the ASTM conversion chart {[1]
page 108 of index covering original set of
cards, or card No, vii of the introduction to
the 1950 file), indicates good agreement of
The NBS pattern is
ment with those of other investigators using

values. in close agree-
copper radiation.

Germanium, cubic, has the structure of di-
amond and the space group Of (Fd3m) {105) with
eight atoms in the unit cell. The lattice
constant determined at the NBS is compared in
the following table with determinations found
in the literature, after their conversion teo
angstrom units at 25°C. The coefficient of
expansion of 5.92 x10"¢ was used for the tem-
perature conversions.

it cell, angstroms at 25°C

1937 | Nitka [166] cccoomooooiaeee. 5.659
1952 | Straumanis and Aka [215a]__ . .. 5, 657640
1953 Swanson and Tatge oo coooooooomas 5.6576

The density, based on the NBS lattice
constant, is 5.325 at 25°C,

TagLk T. Germanium (cubic)
1322 1937 1938 1944 e 1953
Kolkmeijer Nitka Schatzlein Klla'nig Fuller Gwenson and Tatge
Hanawal t
hki
Cu, 1.5405 A Fe, 1.9380 A Cu, 1,5405 A Electron Mo, 0,7093 A Cu, 1.5405 A, 26°C
diffraction
d I a 4 F a g I d a a I a a I a
A A A A A 4 4 A 4 A
111 |3.18 vs |5.81 {3.270) s 5.664 | 3.25 | 100 | 5.62 3.28 5.61 | 3.26 | 100] 5.66 | 3.266 | 100 |5.657
220 |1.97 |s-vs | 5.57 [2.000 | vs [5.657 1.99 | 100 | 5.63 1.99 5.63 | 1.99 661 5.64 | 2.000 57 | 5.657
311 |1.69 |s-vs [5.61 [L.708| s 5.665 ) 1.70 | 100 | 5.64 1.69 5.61 | 1.7¢ 53] 5.65% | 1.706 39 | 5.658
(222} | --aaa ccen [ ascns || oooee | ooo |} ooooco 1.62 5.6l | -a . P | | ps——— coo || aoscoo
400 1.42 w 368 | amaaa coca || coces 1.41 40 5. 64 1.41 5.64 1.41 8| 5.65 ]1.414 T 1 5.657
331 |1.28 | m-= | 5.58 | 1,298 m 5.657 | 1.30 50| 5.67 1.2% 5.62 | 1,29 16 j 5.63 {1.298 10 | 5.658
422 {1.14 |s-vs|5.58 |1.155] #= !5.658|1.12 60 | 5.49 1.1% 5.63 | 1.15 27564 |1.1547 | 17 | 5.6%969
511 |1.08 w 5.61 |[L.090] s 5.664 1 1.09 40 | 5.66 1.08 5.61 11,09 13| 5.67 | 1.0888 T|5.8576
440 0,995 w 5.629 | . cond || acoco 1.00 30 Bolild || ocomee || omomcs .998 7| 5.646 1, (00 3| 5.6%569
531 .954 | =-m | 5,644 | o ___ N e 0.958 | 100 | S 6T | cocomc | cmmman | mmmm- cemm || amome 0.95621 11| 5.6571
620 893 | m 5. 64T | ommn i L L8598 9D | 5.68 | oo | aoas coo || ooooe .B8946 6| 5.6579
533 .B51 w 5.646 § oa oo SN | p—— .B65 | 30 -3 A (R (VSN RN [ .B628 4 | 5.6574
444 LBlaf ow S.640 | .. UV [ B1B | 30 5.66 |-acceen [anmmen | amaaa coe || ooooe .Ble6 2| 5.6575
711 792 F s-m ) 5,656 | ceaam ocoo || conce 793 90 LYY T R (I SRR coo || ceooe L7923 8 | 5.6579
Average unit cell
for last five
lines oo . 5,647 | oo e [ 5.660 [ . e | 587 | ammean S5.62 | maoes --- | 5.85 | .o ... --- | 5.6578
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2.7. Molybdenum (Cubic)

Mol ybdenum 1s represented in table 8 by
three patterns from the ASTM file {see table
1); no additional patterns were found in the
literature. A pattern was made at the NBS
from a sample prepared by fused salt elec-
trolysis by Seymour Senderaff of the Bureau.
Spectrographic analysis showed very weak lines
of Al, Fe, Mg, and Si, and traces of Ca, Cu,
Mn, and Pb.

changed after heating the finely divided pow-

The unit-cell size remained un-

der 1n a vacuum furnace at 1,430°C for 1 hour.
The spacings of the three ASTM card pat-
terns were converted to for

tabhle 8.

Rinn, and Frevel patterns the conversion was

angstrom units
For the Davey and the Hanawale,

from kX units to angstroms; far the Hull pat-
tern the radiation wavelength cited as 0.712
unit for molybdenum was used as the basis for

the conversion, Only the first of four series

of interplanar spacings published by Lavey is
given on an ASTM card, and only this 1s rep-
resented in table B. Two pattems closely
resembling these were published a year later
[60].
radiation used for the recording of the NBS

pattern permitted the determanation of only

by Davey in a German article Copper

seven lines,

The first and second strongest lines are
generally agreed upon as the 110 and 211, re-
spectively. Hull apd Davey list the 321 and
31¢ as third strongest, but their intensity
values show the effect of sample absorptian
when compared with those of Hanawalt, Rinn,
and Frevel and of the NBS, which agree upon
the 200 as third strongest.

The molybdenum lattice is body centered
cubic [106].
0} (Im3m), and two atoms in the unit cell.
Correcting temperatures to 25°C with the

Mol ybdenum has the space group

TaBLE 8. HKolybdenum
1921 1925 193§ 1952
Hull Davey Hanawalt, Rinm, Swanson and Tatge
REL and Frevel
Mo, 0.7093 A Mo, 0.7093 A Mo, 0.7093 A Cu, 1.5405 A, 26°C
d I 7 4 I a 4 I a d I a
4 4 A 4 A A A A
110 2.215 100 3.132 2.23 100 3.18 2.12 100 3.14 2.225 100 3.147
200 1,569 50 3.138 1.576 a0 3.152 1.57 36 3.14 1.574 21 3.147
211 1.283 100 3.143 1.286 100 3.149 1.284 57 3.145 1.2a5 39 3,147
220 1.109 35 3.137 1.114 10 3.151 1.116 17 3.157 1.1127 11 3.1472
310 0.993 60 3,140 0. 996 90 3.149 0,997 23 3.153 D.9952 17 3.1472
222 . 907 10 3.142 910 40 3.151 910 7 3.152 .9085 7 3.1472
321 .839 70 3.139 . 842 20 3.149 843 23 3.154 L8411 26 3.1472
400 .754 5 1 P .T8% 3 % 1S O RS [
411 .73% 30 3.135 0.743 60 3.154 743 14 0115 [ R SPLVSVVI | [ -
420 .702 20 3.13% 704 50 3.150 LT05 11 IN1' 2 O A | B ——
332 . 669 20 3138 | i mmean | mmmmmeaes 673 9 15 T/ PCSIPESNEVINI | [P |
422 641 20 3,140 | | cmomo feoemes 644 [ 11 S | S | DR | P —
510 .616 35 3,141 | o e e .618 14 7% % A (NSRRI O
521 L5T4 25 3.144 ¢ L. PO I R e el R R S B || cooettoone || cocos || coagoasces
440 . 554 5 b B T R R I et cmecce || commmmmeo Tettoa| | cnmeooooo || cosoocoaco || aooee || cccecsnaos
530 .538 25 3.137 |- Y S e e ) o e || ceeeeeetre || Btcoo || cdtomonoos
600 .523 20 3.138 | - o || e | comoemomo || codea || cosoomeos || osescccnne || asoos || cecocenacs
Average unit cell
for last five
lines_______________ 3139 | oo | oo 3.145 | _________%_____ 3,181 | ceomoom  eeeea 3.1472
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coefficient of expansion Michel [152] gives as
5 x 107 % and converting to angstrom units,
the following lattice constants compare thus
with the NBS determinations:

Unit cell at 25°C in angstrom umts

1935 | Jette and Foote F119)_____ 3.1474
1941 | ku and Chang [140 ). _____. 3.1467
1953 | Swanson and Tatge._____.____ 3. 1472

The density, using the NBS unit-cell value,
is 10.220 at 25°C.

2.8. Palladium {Cubic)

Four patterns recorded on ASTM cards (see
table 1} and two patterns by Barcth and Lund
[7] and Jaeger and Zanstra [116] are repre-
sented 1n table 9, The sample of sponge pal-
ladium used for the NBS pattern was obtained
Matthey & Co., Ltd.
graphic analysis (1in percent) at the Burean
showed Ag, 0.1 to 0.01; Ca, 0.0l to O.001; Cu,
0.01 to 0.001; Mg, 0.01 to 0.001; Pb, <0.0001;
Pt, 0.01 to 0.001; S1, 0.1 to Q.01.

ple was heated at 700°C for 15 minutes in

from Johnson, Spectro-

The sam-

vacuum and rechecked for a change in unit-
cell size, No appreciable change took place.

There is good agreement among various
workers on the interplanar spacings of palla-
dium. The spacings of the Hull pattern were
converted to angstrom units on the basis of
0.712 as the wavelength used by Hull for mo-
lybdenum radiation. Those of the other pat-
terns were converted from kX units. The two
Lavey patterns are essentially the same. The
two most recent patterns, the Hanawalt, Rinn,
and Frevel, and that of the NBS agree closely.

In centrast to the agreement of spacings

among various workers, the intensity values

The 311 1s re-

corded on all but two patterns as either

are not in complete accord.

first or second strongest. The two most re-

cent patterns, that of Hanawalt, Pann, and
Frevel, and that of the NBS, show the 111,
200, and 220 as first, second, and third

strongest lines, putting the 311 in fourth
place,

On the liull card of the 1950 file the
lattice constant 1s given as 3.950 and the
density as 11.40. Although these data are
referred to Wyckoff and to "C.C,,"
tively, they are in fact from hLull's own pub-
lished work.
file both have lattice constants and densities

"C.C.,"
tively; on the 1925 card these data are from

respec-
The two Davey cards of the new

ascribed to Wyckoff and to respec-
Davey's own work, while on the 1926 card the
lattice constant is from Wyckoff as repre-
sented, and the source of the density was not
determined,

Palladium crystallizes in the cubic system
(178) and has a space graup 0: (Fm3m). Two
unit cell determinations made at specified
temperatures were found in the literature.
Converted to angstrom irom kX units and cor-
rected to 25°C temperature, these are compared
below with the NBS determination. For the
correction, a coefficient of expansion of

11.8 x10°¢ published by Owen and Yates [178]

was used.

Unit cell, angstroms at 25°C

1931 | Stenzel and %eerts [213)__ | 3.889
1933 | Owen and Yates [1781._____ 3.8908
1953 | Swanson and Tatge.. - ..... 3.8898

The density calculated from the NBS lati-
tice constant is 12,04 at 25°C.
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TapLE 9. Palladium fcubric)
1921 1925 1925 192¢
. Hull Barth and Lunde Devey Tavey
ik
Me, 0.7093 A Fe, 1.9360 A Mo, 0.7093 A Mo, ©.7093 A
a I a d I 4 I a d I a
A A A 4 4 4 A
111 2.264 67 3.9 2,249 100 3.895 2,21 89 3.83 2.21 90 3.83
200 1.358 27 3.914 1.938 67 3.876 1.929 89 3.858 1. 927 90 2,854
220 1.392 67 3.937 1.370 67 3.873 1. 365 78 3.B64 1.365 a0 3.861
311 1.187 100 3.938 1.149 an 3,817 1.165 100 3.864 1. 164 100 3. 851
P || cooocos ||emmmees || ooosoos 1.119 30 3.859 1.116 33 3.866 1.115 20 3,866
400 | e | mememem fmmmmmmn | mmmeme | e e emma o 0.967 33 3.868 0.967 30 3.868
331 0.905 20 H38 | commecs || ceosece floooooms . 887 74 3. 866 . 887 80 3.866
420 . 882 7 B S o cooon || commocs | |oooeeee 865 T8 3.868 .B65 20 3.868
422 804 ki GER) | || cometitn || somomoe, ||oosooos LT90 56 3. 870 .790 60 3.870
511 .756 & 3,928 |ocmmian Jammmomn |emmmann .T45 67 3.871 .745 70 3.871
I || coooooe [ oooomos ||oosmmee ||casamms | cocsone ||omosoos 684 22 3.869 .684 20 3.869
531 0.665 8 3NG4 PR S | TR | - L6553 56 3.875 655 60 3.875
600 .653 1 3.918 | oo | memman [ mmmeea 646 56 3.376 646 &0 3.876
FD || cococon ||cooomes ||cememtt || sonmosd || soommna [|coosons 613 33 3.877 613 30 3.877
Average unit cell for last
five lines_____ . __________ 3,933 | oo e Boblill |l cooocoos ||ocososoa &b fooooooe || ccoooas 3.874
1931 1938 1953
bRl Jaeger and Zanstra Hanawalt, Rinn, and Frevel Swanson and Tatge
Fe, 1.9360 A Mo, 0.7093 & Cu, 1.5405 A, 26°C
d I a LS I a d I 2
A A A A A A
111 2.221 &0 3.847 2.23 100 3.86 2,246 100 3.891
200 1.926 50 3.852 1.94 50 3.88 1.945 42 3.889
220 1.367 20 3.866 1.374 27 3.886 1.37s 25 3,891
3 1.186 100 3.867 1.172 27 3.887 1.1730 24 3.8904
222 1.117 40 3.876 1.122 5 3.887 1.1232 g 3. 8909
Ay || cccecooooes || seoocss [ ecsccossoos 0,972 1 3.888 0,9723 3 3.8890
jc3- U VR RSO SR N .893 5 3.892 8924 13 3,889
4. N | == .871 5 3.895 8697 11 3.8893
0 e | [ S L795 2 KRR || commacet o || commame || comactcmcces
) N I (RS [ .750 2 SBEEY || cooosoooscos || cooooee || comsomooses
| secmemneoee Hommeeos || semmmommcme || comcmmmmmee || comocee || coccmnncnce | coommmmmmmes || cmmmsne || conmmmmamn o
FEil DR e e || coomereeno || emmeeeeoeco || omo—ooe || coosoosonos | cosemcenamen || ancmcns || acococccnoan
Gl e | e || eemneme e cee || cmememmeeee || cbmmees || semmcemcome || coommmccmnes || cmomame || commcncmmnos
211 I (NI INUROIN [TV [P [N [ (IR [UPIUU IR
Average unit eell for last
five lines_ oo aooa. b -1 S [RRIP [ 3,893 | e | mmme 3.8898
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2.9, Silver (Cubic)

There are six cards for silver in the
ASTM file of diffraction patterns (see table

1).

s1lv

table 1 or 10.

er, is not

listed

One of these (number 2-1098)}, for a "bis-

muth rich™ in either

Three lines in this pattern

When this
card was duplicated for the 1950 reprinting,

a compound of silver and bismuth,

a unit cell measurement of pure silver was
included that does not depend on any of the
interplapar spacings on the card and mislead-
ingly indicates that the pattern is for pure

are not silver lines and are probably due to silver. Another card (3-1316), which 1is
TasrLe 10, Stiver fcubic)
1925 192a 1926
Davey Jung Jung
kit
Mo, 0.7093 A Cu, 1.5405 A Cy, 1.5405 A
d I a 2 e it o 4 e 1t a
;| A | A A 4
111 2.37 100 1.11 2.35 s 100 4.07 2.33 s 100 4.03
200 2.05 : 4.10 2.03 m 80 4,06 2,05 ms o) 4.10
220 1.445 80 4,087 1.442 m 80 4.079 1.435 m a0 4,059
311 1.232 90 4. 086 1.230 m 80 4.079 1.223 m 8Q 4,056
222 1.180 50 4.088 1.179 w 60 4,084 1,182 w &0 4.095
400 1.021 20 I 1:7 N I I (DU (NUS (U U PRSI N
331 0.937 60 4,084 0,935 m 80 ) i A (VRO [P [ (R
420 .914 60 4.088 912 m 80 30011 R (S (I I
422 835 40 4091 | oo i e mmmmm e | e | e | e} e
511 .186 40 1 T-7 N (R (DI (NS [N I [P (SR (PR
440 .722 10 ;7 T S (PRI [PPURDIR ISR NI N SRR (T
Gl || coooemooo |[ecoomas || cooocooos || cooommos || comooee || commman| foccem emen || BmncaEnas B crien || caoomoo || oocosooss
Average unit cell for last
five lines. ______________._._. RS || commmanes || conmmo || conomen 4080 | eem | mmeee [ e 4.070
14938 1942 1953
hEl Hanzwalet, Rinn, and Frevel Harceurt Swanson and Tatge
Mo, 0.7023 A Cu, 1.5405 A Cu, 1.5405 &, 27°C
d I a i I o4 d I a
A A A A A A
111 2.36 100 4.09 2.35 104 4.07 2.359 100 4.086
200 2.04 53 4.08 2.04 55 4.08 2.044 38 4.088
220 1.448 27 4.096 1.44 45 4.07 1,445 25 4.087
311 1,234 53 4.093 1.230 65 4.079 1.231 26 4.083
222 1,181 5 4.001 1. 178 20 4.081 1.17%¢6 13 4.0BA3
400 1.024 1 4.096 1,020 10 4.080 1.0215 4 4,0860
331 0,940 -] 4,097 0.938 55 4.089 0.9375 15 4. 0864
420 a7 5 4,101 .914 55 4.088 9137 10 4.0862
422 .836 2 4,096 B35l 55 4.0911 L8341 13 4,0862
511 .T87 4 SRS | cecccccccnno|| aoomcen|| comoommsss || csccmcmcces || ecocmes | cooocoooooooo
440 | e mmn | mmmmemmnn] mmmmmmmmmme | mmmmememmm e | mmmmmree | e | mimmmmee e | meeem e meaeaas
531 0,692 5 A0 | coccomomcons|| cooones|| cccccmemcs || ccmanacccma || cocoose|] seccccccmams
Average unit cell for last
five liN€S oo cmcciccooos 4.095 | e ammmaas A 0B6 ] cmmmmmeen ] e 4.,0862

®As first published.

BOn ASTM card.
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listed in table |, gives no pattern, but only
a unit cell measurement—a measurement actu-
ally appearing in only one [231] of the two
papers to which 1t 0f the re-
maining four patterns, the two by Jung [124]
All four
are compared in table 10 with a more recently
(88], and one

is ascribed.
were published in the same paper.

published pattern by Harcourt
prepared at the NBS.

The NBS pattern was made from a sample
furnished by Johnsen, Matthey & Co., Ltd.,
London, with a purity of more than 99,999 per-
cent. Their spectrographic analysis indicated
faint traces of calcium, iron, and copper.

The interplanar spacings of the Jung pat-
terns were calcelated directly in angstroms
from the Bragg angle data given: the spacings
of the other patterns were converted from kX
units. All patterns show 111 as the strongest
line, but there is considerable difference as
to the second and third strongest—Hanawalt,
Rinn, and Irevel agree with the NBS on 200
and 311, respectively.

The atoms 1n silver are arranged in a
(231].

space group 0 (Fm3m), and four atoms in the
unit cell.

face-centered lattice Silver has the
Published unit cell values are
compared in the following table with that de-
rived from the NBS pattern. Conversion to
25°C was made by means of a coefficient of
expansion of 19,59 x 10°¢ [67], and all were

corrected from kX te angstrom units.,

linit cell in angstroms at 25°C

1930 | Sachs and Weerts [200]) . _________. 4.0863
1932 | Owen and Iball [193) .. ..o .. 4.0052
1933 | Owen and Yates [1768] . . ___________ 4,0860
1933 | Saini (200]___ . 4.0862
1935 { Jette and Foore [119] ________ __.__._ 4,0861
1936 | Mume-fothery, Lewin, ead Reynolds [ 109]| 4.0852
1939 | Cwen and Robervs (177 ). . ... _.._ 4.0850
1940 | Fooke and Jevte L71] ... ____. 4.0861
1933 | Swanson and Tatge. oo oo occcecccmemaea 4.0862

The density of silver based on the NBS
unit cell is 10.500 at 25°C.
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2.10. Tin (White or £) (Tetragonal)
The two patterns i1n the ASTM X-ray dif-

fraction pattern file for tin are both for
the tetragonal modification, referred to as
white or S-tin (see table 1). Three patterns
fer tin not included in the ASTM file were
found in the literature; these are by Bijl
and Kolkmeijer [14], Van Arkel [228], and
Willot and Evans [248].

The sample of tin used for the NBS pat-
tern was furnished by Johnson, Matthey & Co.,
Ltd., Lendon, with the notation that the metal
had been specially purified by Capper, Pass,
& Sons, Limited, who {furnished cthe following
lead, 0.0012;

analysis (in percent): anti-

mony, 0.001; iron, 0,00027; copper, 0.0002;
arsenic, 0.0002; bismuch, 0.00012; sulfur,
0.00003; vin, 99.997 (by difference). Spec-

trographic analysis by Johnson, Matthey& Co.,
lead,

faint; iron, very faint; so-

Ltd., showed the following impurities:
faint; bismuth,

dium, faint: cadmium, very faint; calcium,

very faint; magnesium, very faint; aluminum,
barely vasible; copper, barely visible; indium,
The sam-

ple was annealed for 12 hours ac 160°C before

barely visible in one spectrum only.

it was mounted an the spectrometer.
Interplanar spacings and intensity meas-
urements of the six patterns are compared in-

table 11.
and Kolkmeijer and of Van Arkel were calcu-

The interplanar spacings of Bijl

lated directly im angstrom wnits from their
published Bragg angle data; for the remaining
patterns they were converted from kX units to
angstroms. Intensity values are given numer-
These
are in agreement with those of the NBS in

designating the 200, 101, and 211 as the
first, second, and third strongest lines, re-

ically by only three of the patterns.

spectively.

White or S-tin belongs te the tetragonal
[142] in 1923 as-
signed it to space group Di: (I14/amd), a body-

system; Mark and Polanyi
centered lattice with two atoms in the unit
cell. RBRecent unit cell measurements have

]



TaBLE 11, Tin fwhite or B}
1919 1923 1934 1938 N 1953
Bijl and ¥an Arkel Willat and Hanawalr, Rinn, Bricish Museum Swanson and
Kolkmeijer Evanz and Frevel ) Targe
REL
Cu, 1,541 A Cu, 1.541 A Cu, 1.541 A Mo, 0.709 A Cu, 1.5405 A Cu, 1.5405 A,
26°C
d I a I a I a & a I a o
A A A A A A
200 | cmcme | e | | e 2.914 s 2.92 100 2.96 100 2.915 100
101 2,714 m 2.83 m 2,792 s 2.80 80 2,82 80 2,793 50
220 | cemecmee | e | e | o e 2. 062 w 2.05 32 2.08 60 2,062 34
211 1.987 ¥s 2.03 ¥s 2,015 s 2.01 80 2.02 0 2.017 74
................................................................. 1.98 40 e | ——]
301 | i | e 1.65 W 1. 659 L] 1.65 24 1.64 20 1. 659 17
112 1,455 & 1. 50 ES 1. 483 m 1. 483 24 1,495 60 1.484 23
400 1.457 w 1,458 12
321 } _____________ 1.44 L { 1,442 » } 1.452 20 1.446 60 1, 442 20
________________________________________________________________ 1.343 20 Sl [t
420 1,304 w 1.312 40 1,304 15
a1l } R L I (e m { 122 | w } 1301 4 16 1Y 1296 20 | 1.202 15
312 1.192 ¥s 1.20 ¥s 1,205 m 1,202 20 1.214 &0 1.205 20
501 1.081 m 1.09 m 1.9096 w 1.094 11 1.102 40 1.0950 13
103 1.0434 3
119 } _____________ L.o4l | ______ 1.041 w 1,042 8 1.046 40 { 1.0401 5
a0 } 1,033 1.030 1.027 1.02 & 1.031 20 10508 2
521 ' ® : s : > g ‘ 1.0252 5
213 0,982 | —————- 0,9824 5
N G, F:T: S I T R
- } 0.975 | s { o || } 982 o 0.982 3 { ok ;
B || coosoooo || oosoos || ascmmoms H| ccasas || comosens || coommam || socommms (| cosmsan || cocemmes || scooooo 8310 3
512 0.926 = 0.928 | - _____ 0.930 m 0,929 [T PR (R 9286 13
620 scooonos || cascos || cosocasal| coosos || soocscacl|| cosesta || cocosens | aooscno|| aocaceta| | atacoos L9219 5
(915 [ SRR LUDR Y £ I (RO IV (USRI U [N (R I 4178 5
323 0. 881 5 .B8e | - 0. 887 w 0. 887 /A I 8868 4
541 | e | aeaas L874 | ool i || @ || connoosa || sossnss || acooenen || coosos- .B755 2
413 . B485 4
532 } ------------- 847 | . 848 " 0.849 Bl cmmmemee || em e { . B4éa 10
G || comommma ||coames 1.5 R LB39 SR | GEOIVERIRVIS | P . — |[E==tyns . 838& 4
640 - . 8086 6
. 701 -B07 m BOS | e | e L 0. 807 AN (PSR [, { L8058 3
004 | oo | - P e T T e I e [Ty
04 |- P (R SV USRI (VIS (NI ISP [P [, S
503
433 } 0.783 (LI [OSORPRR | SRR OO [FE | (RS SO RN .
114
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been made by several workers, whose results
are compared in the following ctable after
conversion to angstroms at 26°C, In making
the temperature corrections coefficients of
expansion obtained from Kosolapov and
Trapeznikov [131] of 46.4 x10° % perpendicular
te the ¢ axis and of 22.4x 10" % parallel with

1t were used.

nit cell in angstroms at 26°C

[+ [
1932 | Stenzel and Weervz [212]______.. S.83% | 3.1821
1935 | Jecte and Foote [119) . ... 5.83126 | 3.1814
1936 | Kosolapov and. Trapeznikav [131]. [ 5.8311 | 3.1810
1938 IE\fiI"I;, Straumanis, and
Karlsons [114) - ocomooooaeeoe 5.83146| 3.18129
1953 | Swanson and Tatge. oo ___.. 5.831 3.182
The density of tin based on the NBS lat-

tice constant 1s 7.286 at 26°C.

2.11. Tellurium (Hexagonal)

Of the eight patterns in ctable 12, six
table 1),

one, by Bose and Ray [21], was found in the

are recorced on ASTM cards (see
literature, and one was prepared at the NBS,
The sample used for the NBS pattern was pre-
pared in the laboratories of Johnson, Matthey
and Co., Etd.,, London, and was numbered 3824.
Their spectrographie¢ analysis showed Si, Fe,
After

being finely ground the sample was annealed

Mg, and Al present as faint traces.

in a vacuum furnace at approximately 400°C
for 15 minutes,

For purposes of comparison, the spacings
of the patcterns in table 12 were converted to
angstrom units except for those by Olshausen
and by Bose and Ray, whose Bragg angle daca
enabled the derivation of interplanar spacings

directly in angstrom uwnits, and those of
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Bradley and Slattery for which a correction
factor could not be determined. The patterns

by Harcourt, by Hanawalt, Binn, and Frevel,
and by the Institute of Physics at Cardiff,
Wales, were presumed to be in kX units, and
The Olshausen

a spacing of 3,58 A, incom-

were converted accordingly.
pattern 1includes
patible with the tellurium structure and para-
meters, and another such spacing, of 5.8 A,
is included in the Hanawalt, FBinn, and Frevel
pattern.

With the exception of the Slattery pat-
tern of 1924, all patterns accompanied Ly nu-
merical relative intensity values are in
as to the

101, 102, and 110, in

agreement with the NBS pattern
three strongest lines:
decreasing order,

The tellurium lattice is hexagonal close-
packed. The space group was determined in
1924 [25] as enantiomorphic D‘; or Dg (C312 or
C3,2).
cell,
the lattice constants found in the literature
is by Straumanis [215],

There are three atoms in the unit

The only precision determination of

whose measurements,
corrected for
kX te angstrom units
NBS values in the table belaw.

perature correction the coefficient of expan-

temperature and converted from
are compared with the

For the tem-
sion given in the same paper was used;

27,51 x 10" % perpendicular to the ¢ axis, and
-1.70¢ x 10° ¢ parallel to at,

it cell in angstrems at 25°C

a c
1940 | Straumanis [215] ... 4, 45653 5.92682
1953 | Swanson and Tatge._______._ | 4.4570 5.,9290

The density calculated from cthe NBS lat-
tice constants is 6,2311 at 25°C,



TapLe 12. Tellurium (hexagonal)

1924 1925 1925 1927 1938 1941 Sooo 1953
Bradley Slactery Olshausen Harcourt Hanawalt, RPinn, Bose and Insticute Swanson and
baL and Frevel Ray Phyzics, Wales Takge
Mo, 0.7093 A | Mo, 0.7093 A | Cu, 1.5405 A| Cu, 1.5405 A| Mo, 0,7093 A Cu, 1.5405 A | Cu, 1,5405 & | Cu, 1.5405 A,
26°C
d I 2 I g I a I a I d I I d I
) ) 4 A 4 4 4
—o | | oo (| e coo || coooes S =2l —— 5.8 19 || cosmem|] ceoos |[EEoa e — oS _pe— ————
100 | 3.845| 84 3.83 20| 3.81 w 3.86 501 3.87 14 3.67 w 3.80 40 | 3.86 20
e ___ coatd | Beo oooa || Goa 3.58 b T S, soo || cocoooos || coooa || sooses || cocce || cccnscnn IO I ————
101 3.220 5 3.22 100 3.224 5 3.23 100 3.25 100 3.05 vs 320 100 | 3.230 100
102 2. 344 11 2,34 30 2.350 m 2,33 80 2.34 48 2.86 yw 2.33 B0 | 2.351 37
10| 2.219| 1& 2,22 40| 2.215| m 2.22 0| 2.22 32 2.12 s 2.21 B0 | 2,228 31
111 2.078 63 2. 08 20| 2.019 vw 2.07 S0 2.08 14 | comean ] ammem 2.06 6f) | 2. 087 11
0031 1.9581 63 1.96% 20| 1.965| w 1.97 50| 1.96 14 1.99 W 1. 94 60 | 1.980 8
200} oo ol N ey || g mme || cmmmeme || oo [} cmmmmcs || omen [ ccmone || cmoee || somcames —-m-] L9230 4
201 | 1.8304 27 1.834 40| 1.836 | m 1.82 &0 1.43 28 1. 87 vvw 1.82 80 | 1.835 20
112 | 1.765| 19 1.177 20| e — L1M7 30 77 10 1.7 yew 1.77 20 ; 1.781 T
103 oo e || cmmme = e || commae oo || comoces coo || smmosece || cagoo || cecoos || oo [ffeccoonss ---- | 1,758 2
2024 1.614| 52 1.614 25| 1l.619 m 1.61 1) 1.51 20 1.55 vyw 1.6l 60 | 1.616 12
113 Sp1.471 m 1.47 50 1.47 60 | 1.47% 13
210 }1 B e a3 |{1 448 { w | Lasg | 30 } LS TE | semees ffoomos {1.45 40 [1.59 | B
211 1. 410 50 1.412 20 1,409 w 1.413 50 1.421 13 1.41 YvwW 1.41 60 | 1.417 8
o }1 35| s0 | 1377 | 20| 137 w | 1318 | s0 1383 16 | | 1.3 60 [1.383 | 7
212 1.308 68 1. 307 140 1. 305 m 1.303 30 1.312 B o 1. 30 40 | 1.309 &
300 | 1.287 | 68 | - __ coo || eooooe S ceo || cocosocs || cooss || cosoes || coces || acsnonee ----| 1287 1
301 1,255 74 1,267 3 R, L e 1.254 20 1. 250 5 || ccomoe || sooso 1.25 20 | 1.251 4
14 | . U o - | 1.232 W S [ E—— - | 1.234 1
kL1 [P [ vy | gV, e = | T oo || coooooon | oooes ||eoscos [|oocos || cocomema —.-_ | 1.1802 3
i‘i; }I 1721 21 30 .17l | w 1.172 0 1177 14 | o | et 1.17 60 | 1.1740 B
105 1.131 84 8 1,129 vw 1,127 20 1.121 - T (DU [ (R - | 1.1334 3
2211 1,092 | 95 cee | 1096 | ww | coceaa- (SRR (PSSR (PSR (N (R 1.09 10 | 1.0951 2
308 | oo TN RV e oo || commmece || coooe || csesms || casan || cossmsos ee-- t 1,0784 1
310 | 1.075 | 100 S — S NV USRI (PSSO [DIIUUIPN ORI (S eee- | 1.0705 1
311 | - - eee | 1.04% | w 1. 050 20 1.047 S Jecmooe | aeaee 1.05 20 | 1.0535 )
115 | oo [ cee || e 0 [ | [V I (NI DU [P - {1.0432 2
222 1.138 42 oo V. 1.03 W 1.03¢ J LR [UURPENIRR PSR (SRR [ 1.04 20 | 1,03%% 3
214 | oocann PR I . i ______ L || SR [N P (P, IS [N [ -e—- | 1.0104 2
£ | 1,009
912 | ===~ [N e ! . w 1.007 10 1. 007 5 leaceeme oo 1.00 20 | 1.0071 3
006 | ooeaas ORI [ ST o IR U U ISV (N S P —ae- | 0.9889 1
304 | oo coos || conoooe S| | U (U cee || cosennas e | P | PR | pa ceem | 9714 2
) || e PR e | 0,966 | wvd | accaooo R 0.970 N [V PRI [ S . B650 1
SEY [§ Sommon U DN e A2 Y O SV ORI NUTORPRRURIUT SRR VIR R e | .9413 1
215 | ceeeee [ o 921 | ow | meeeeem ceo || moocomos | cocos ||cosoos || osooe e | 9202 2
116 | coeeas S | P — U 0.900 | (11 ISR (DR USSR U e-ee | 9032 2
224 . 8909 1
320 |y =T Bt =T -889 b bbbl I B I et e = { . BRS8 1
206 | ____._ [N RO PR [, [EURUR [DUUREURUISRDR (DUURUIUN [ [ ctooocdt|| anco .B7al} 1
SHIL | ommnes [N [ [ U S, AU [SERORDR NS INOIPIUN DR IR = JBT19 1
305
314 } ..... VN | [ — | 0LBT0 | m 0. 8k6 10 | 0.868 2 R I .868 10 .B675 4
403
W | conome sooo || ooocoes oo ;1) O O VP VIRV (NUVDRR PRI VIR [ ——-w | .8485 1
411 . R R .0 U I e || ooomccce || cecos ||cccoes ||ccons R - 339 2
107 j.ooao- oo [ asooses —eo | comoee RSV I e | e e | e i ——em | .8270 1
W& s S reo || mmemos S SN | OO | | | — —-—-| .8180 2
SRS D0 cone || comosae S — ceon || cmoomas | N e | PR | PR | P — eee-| .BI119 1
4120 aaa___ cmmm | e ORI [ [ [ e || coooocos [loocas ||aoaces ||acoos || cccanoes - L8102 2
404
393 } ----- mooo || ceoooao coo || oososs [ [N [P S I SR - | .BOB2 3
315 {aoeas [N [ N coco || sonomas [EUSTEE [SURRUIURPR (RORIUIURE (DRSDIOIUIU [ R A .T945 2
117 | ceea [ I N I I N [ I (N I e L7917 1

*UniL not known.
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(see table 1)

2.12. Tungsten (Cubic)

Two tungsten patterns from the ASTM file

and five additional patterns

from the literature, of which three comprise

interplanar spacings only,

are compared in

table 13 with a pattern prepared at the NBS.

The patterns from the literature are by Becker
[12], Debye [62], Neuburger [160], Sidhu [207],
and Zeidenfeld [261].

made from a sample prepared and contrilbuted

The NBS pattern was

by the Westinghouse Electric Corporation, who
provided the following chemical analysis (in

TasLE 13. Tungsten (cubic)
1917 1925 1926 1931
Debys Davey Becker Zeidenteld
Rkl
Pe L, 1.3103 A Mo, 0.7093 A Cu, 1.5405 A Cu, 1,5405 A
d it a 4 I a a a d a
A 4 (®) *) 4 4 (*} )
110 2.16 5 3.06 2,23 100 3.15 2.227 3.15 2,22 3.14
200 1.55 m 3.1 1.579 63 3.158 1.575 3.15 1.58 3.16
211 1.27 s 3.13 1.289 15 2.157 1.284 3.15 1.29 3.16
220 1.10 m 3.14 1.11& 63 3.157 1.115 3.154 1.12 i
310 0.992 5 2.138 0.997 75 3.153 1.000 3.163 1.008 3. 188
222 907 m-w 3.141 212 33 3.15% 0.910 3.152 0.918 3. 180
321 . 840 5 3.142 B42 63 3.150 . B42 b 0 - R (P
400 .789 w 3.157 788 25 3.152 .788 LY || ocanonons || ooeosonaas
411 745 5 3.158 T44 a0 L T | A | S | .
420 708 5 3.165 706 50 I YA N A | B | | e R o
332 673 = 70 17 S [FORRIU IOV, NIIVRIPRIvR (IR (PIIPIIITI, I IR
o | o e e e | | I =T I T T | P
Average unit cell lor last five
e o B oo o SHHED |l ccoonoone ||econses St j|ooooonoos SBIEE) || semmooooo b3 184
1934 1938 1948 1953
Neuburger Hanawalt, Rinn, and Sidhu Swanson and Targe
Frevel
kel o
Fe K, 1.9340 Me, 0.7093 A Cu, 1.5405 A Cu, 1.5405 A, 26°C
1. 9321
20°C
a a 4 I a a i a a I a
4 4 A 4 4 A 4 4
110 2.24 3.16 2.23 100 3.16 2.23 s 3.18 2.238 100 3.165
200 1.58 3. 16 1.58 29 3.17 1.58 w 3.15 1.582 15 3.164
211 1.291 3.162 1.292 71 3.165 1.29 3.16 1,292 23 3.165
220 1.119 3. 166 1.119 17 3.165 1.12 w 3.17 1.1188 8 3. 1644
310 1.001 3.165 1. 002 29 3.168 1.00 3.17 1.0009 11 3.1648
(2:2- B | =S S | | ——— 0,915 [ 3.16% 0.914 ¥w 3.186 0.9137 4 3.1651
321 o) L . 548 34 3.171 249 5 3.176 B45% 18 3.1651
400 | mee e s | e ccmen | e | e | e .829 ™ 3.318 1912 2 2. 1648
3 T L T46 11 BT | cmimmm | e oo e e || semoencoc-
(Ml | cooomocos || ococoseana .08 [ T T DR PRSP, [P S (U
2 S OS |—— 875 6 EENGE | Bcoc—es || oomoos || cooacos || cocecnnens || acses | sasoooscss
L% 2 [ S .623 6 70 - I SRR U (DI [ (DU [ ———
Average unit cell for
last five lines—.o—.... i || e || cocmooe 3070 | gl || e i || 3. 1648
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* Unit not known.
ing la=zt line.

b Average for last two lines.
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percent) by A. Pettel, Jr.: SiOz, 0.04; K,
0.05; Mo, 0.01; Al,0,, 0.01; Fe, 0.01. This
was verified by spectrographic analysis at
the Bureau,

For table 13, data given in Bragg angles
were used directly to derive interplanar
spacings 1n angstroms for the patterns of
Debye, Becker, Neuburger, and Sidhu, Davey's
pattern was left in 1ts original form, since
the radiation wavelength was not given.
Zeidenfeld gave a radiation wavelength of too
few significant figures to show whether his
data are in kX units or angstroms. The spac-
ings of Hanawalt, Binn, and Frevel were con-
verted from kX units to angstroms.

Only three sets of intensity measurements
Those of

and of Swanson

are given with numerical wvalues,

Hanawalt, Bann, and Frevel,
and Tatge show the same three strongest or

110, 211, and 321. Sidhu's es-

timated intensities agree with them,

index lines:

The tungsten lattice i1s body-centeréd cu-

bic with two atoms in the unit cell, Tung-

(Im3m) [160]. The

by several 1inves-

sten has the space group O]
lattice parameters derived
tigators are compared in the table following,
They were converted to angstrom units at 25°C,
The coefficient of expansion of 4.3 x10°% of
Michel (152) was used.

fnit cell at 25°C 1n angstroms

1932 | Owen and 1ball [173) 1 . . .. 3. 1657
1938 | Newbergee [160 ). oo .. 3.1654
1935 | Jecte and Foore [119]___________. 3.1548
193 | Coken [51) o . 3.16473
1936 | Straumanis and Tevips [216]__.___ 3.1651
1941 | Lu and Chang [141] .. _______ 3.1650
1953 Swanson and Takge_ .. ._.__. 3. 1648

The density determined from the NBS lat-
tice constant 1s 19,265 at 25°C,

A less
stable at

common farm of tungsten, likewise
room temperature but with a simple
cubic lattice, 1s represented by a third tung-
sten card in the ASTM file (old file number
11-2579, new file number 2-1138, index lines
2.25 2.06, 1.34). of different

structure, 1s not to be confused with the form

This form,

discussed here.

2.13. Tantalum (€ubic)

in the ASTM
file (see table 1) are supplemented by three

The three patterns given

found in the literature,
by Becker and Ebert [13], McLennon and Monkman
[148], and Horn and Ziegler [96]. One of the
ASTM patterns (Quill [i89}) is recorded as
made with molybdenun radiation although cop-
These
patterns are compared with an NBS pattern in
table 14,

The sample of tantalum used for the NBS

additional patterns

per radiation was actually employed.

pattern was procured from Johnson, Matthey &
Co., Ltd,
dissclved gases which caused broadening of

London. The material contained

diffraction peaks, and Tall, which contributed
After annealing at 1,500°C in

vacuum for 30 minutes in a tantalum boat the

extra lines,
sample gave very sharp lines including only
traces of the hydride. The spectrographic
analysis furnished with the sample indicated
faint traces of Nb, Al, Si, Fe, and Mn.

The interplanar spacings of table 14 are

The Becker, and
the Ebert and Quill patterns were originally

all given in angstrom units.

recorded as a series of Bragg angles, {rom
which the

were derived directly for the table.

interplanar spacings in angstroms
Hull's
pattern was calculated by him with the use of
a wavelength of 0.712, on the basis of which
his spucings were converted to angstrom units,
The Mclennon and Monkman, and the Hanawalt,
Rinn, and Frevel interplanar spacings were
The

Horn and Ziegler data are published presumably

converted from kX units te angstroms,

1n angstroms,
The Horn and Ziegler measurements as well
as those of Hull and Quill

cusing and absorption effects.

suffer from fo-
The Hanawalct,
Rinn, and Frevel data agree with those of the
NBS 1in designating the three strongest lines
as the 110, 211, and 200, in decreasing strength,
The tantalum lattice 1s body-centered cu-
bic; the space group is O] (Im3m) [104],
Two
measurements of the lattice constant are com-

pared in the table below with that of the NBS.

There are two atoms in the unit cell.
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TabLe 14. Tantalum (cubic)
1921 1925 1429 1932
Bkl Hull Becker and Ebert | McLennon end Monkman Quill
Mo, 0.7093 A Cu, 1.5405 A Cu, 1,5405 A Cu, 1.5405 A
d I a d a d a 4 A a
A A A A A A 4 A
110 2.306 &7 3.214 2.30 3.25 2.330 3,296 2.340 vs 3.309
200 1.630 20 3.270 1.64 3.28 1.648 3.297 1.650 s 3,300
211 1,330 100 3.269 1.33 3.26 1,346 3.297 1.348 vvs 3.302
220 1.153 27 3.290 1.154 3.264 1.165 3.296 1.168 L} 3.304
310 1.029 20 3.266 1.032 3,263 1.041 3.293 1.044 ¥s 3.301
222 0.942 13 3.218 0.941 3.260 0,952 3.298 0.9537 s 3.3037
321 .B6Y 53 3.260 .871 3.259 .81 3.29% 8821 vvs 3.3005
400 .B15 3 3.270 .B14 3. 25618 | . .B257 s 3.3028
411 .770 20 | e | =SS | (S | ——
420 .T29 3 T A | O S e o |y PSSR | B ——
332 694 3 3. 26900 | THEEEEEAA | RS | SR | I | | S |
422 664 3 157 R I e LA e ot oon || commocrre | o oooao || comemes |} ceoomtioooos
510 641 L 7 3.275 | comemeenn) PRt ) P P e e e
Average unit cell for last five
| BT 3.213 | oo 3.260 | ... 50 | *3.3023
1938 1947 1953
Akl Hanawalt, Rann, and Frevel Horn and Ziegler Swanson and Tatge
Mo, 0.7093 A Cu, 1.5405 A " Cu, 1.5405 A, 26°C
d I a d I a 4 I @
4 A 4 A 4 A
110 e 100 3.30 2.328 100 3,292 2.338 100 3.306
200 1.65 20 3.30 1.633 30 3.308 1.653 z1 3.306
211 1.349 30 3.304 1.348 a0 3,302 1.350 3 3.306
220 1.16% 5 3.302 1.168 40 3.304 1.1687 13 3,3056
310 1.044 5 3.302 1.046 60 3.308 1.0453 19 3.3055
222 | S S | S | 0.9554 k1] 3.3096 0.9543
321 0.883 5 3.303 .B846 90 3.3099 . 8835
400 | o | e e} e .B271 20 3.3084 . 8265
Alll o cstemeren || cremtmcce | commmmmmmes || cemcasmcms || coccmecos || comcomemnnn || concmmmemn
A2 () S | PRV PRI | R RS | P | ——
kI N S BT | ST DR R e | W st comdid | cmoocoames || BERcoco oo
422 o W e oo feaaerme s | S o e I R TN S S T Po—
3 D e e LT r i B ] | | e b i e b e |
Average unit cell for last five
1ine o PR || | oo DG HEE || e || e 3.2057

® Average for three lines only.

Average for four lines only.
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The data were converted to angstroms at 25°C;
the coefficient of expansion of 6.6 x 10°¢
[94] was used.

{nit cell in angstroms at 25°C

1932 | Owen and Ibadl [273) ___________.. 3.3183
1936 | Neuburger [160) ______ __________ 3. 3027
1953 Swanson and Tatpean coaeamcaaaaaas 3. 3058

The density as calculated from the NBS
lattice constant 1s 16.626 at 25°C.

2.14. Platipum (Cubic)

Three patterns for platinum are given in
the A-ray diffraction pattern files of the
ASTM (see vable 1).
were obtained from the literature;
made by Barth and Lunde [7], Jaeger and
Zanstra [116], Rusterholz [199],
and Konobejewski [227].

used to obtain a pattern at the NBS was pre-

Four additional patterns

these were

and by
Uspenski The sample
pared by R, Gilchrist of the Chemistry Divi-
The NBS Spectrescopic
Laboratory estimated the purity at >899, 99

sion of the Bureau.

percent.

All the interplanar spacings of the eight
patterns of table 15 are given in angstrom
for which a con-
The

spacings of Hull were converted to angstroms

units except those of Davey,
version constant could net be determined.

on the basis of the wavelength A=0.712 given
for molybdenum Ke radiation; the remainder
were calculated directly in angstroms from
the Bragg angle data given.

It may be observed from table 15 that sev-
eral of the patterns omit the weak 400 line.
The three earliest patterns, by Hall, by
Uspenski and Konobejewski, and by Davey, made

253147 O - 53 - 3

with molybdenum radiation, inclaude 511, 53],
and 600 lines beyond the range of patterns
The pattern of
Hanawalt, Rinn, and Frevel agrees with that
of the NBS3 upon 111 and 200 as the two
strongest lines, but shows 220 and 311 as equal

made with copper radiation.

in strength whereas the NBS pattern shows 311
as plainly stronger. This is evidently due
to the difference in the radiation used, for
upon recaleulation of the Hanawalt, Rinn, and
Frevel intensity values derived with molyb-
dernum radiation te a copper radiation base
([1] page 108 of index covering original set
number vii of introduction

to 1950 file), the 311 1s plainly the stronger

of cards, or card

in this pattern also. The earlier inten-
sity measurements vary widely, suffering from
the defects common te uncorrected film
values.

The platinum lattice i1s face-centered cu-
bic [106], O] (Fm3m), with four atoms in the
unit cell. Of the many unit cell determina-
tions found in the literature, two are accom-
panied by the temperature at which they were
measured, These values were converted to 25°C
by means of the coefficient of expansion
8.3%10°%, an average of two published values
(66, 178].

After conversion from kX to ang-

strom units, comparisen with the NBS data
gives:
it cell at 25°C, angstroms
1933 Owen and Yates [ITB] ______________ 3.9240
1937 | Moelder (1881 . ... .. __ 3.9226
1953 Swanson and Tatge___ . . _oooooo_ 3.9231

The density based on the NBS lattice con-
stant is 21.472 at 25°C,
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TapLE 15. Platinum (cubic)

1921 1923 1925 1925
Hull Uspenski and Davey Barth and Lunde
hil Konobe j ewski
Mo, 0.7033 A Bh, 0.6133 A Mo, 0.7093 A Cu, 1.5405 A
d I a a a 4 I :3 d I a
4 4 4 4 () (%) 4 4
111 2.256 &7 3.908 2,29 397 2,27 100 3.93 2.252 100 3.5901
200 1.950 27 3,900 1.9¢ 3.902 1.956 86 3.912 1,951 63 3,902
220 1.382 114 3.909 1,37 3.B7 1.385 Bé 3.917 1.379 63 3.900
m 1.178 100 3.907 1.17 3.89 1.179 100 3.910 1.175 100 3.897
222 1.133 13 3.925 1.1l 3.85 1.130 57 3.914 1.126 25 3.901
400 0.979 7 ] 1 S| P | P, 0,978 2% | | [P | ——
331 859 34 3.919 0,883 3.849 897 Tl 3,910 0, B%6 13 3,808
420 LB75 34 0 F: T [ 875 71 21 I T AR ISP (S
422 LT97 27 3.904 | 798 57 3,909 | oo oman | e | mmeaima
5311 L7585 13 3.923 0,739 3.840 .753 43 T2 i T R ISP [
.11 I (R R (N PR [DERURPIRP [IPIUPIpR RPN SRR (PRI (PR PR
%) 0. 660 13 A0 S R R DT s I [P | P | S R | S | I | S ——
600 6533 7 K I | R gt | [ | Bt o | [ B ot || i || soeciee || comammens
Average unit cell for
last five lines_.._ ... 3,915 | e bagas | . .. 3910 | cmmiiooo | e 3.501
1931 1931 1924 1553
Jaeger and Zanstra Fusterhol z Hanawalt, Rinn, and Swanson and Tatge
hEl : Frevel
Fe, 1.9360 A Cu, 1.5405 A Me, 0,7093 A Cu, 1.5405 A, 26°C
d I 3 -4 I a 4 I a d I a
F 4 A ) 4 F| 4 A
111 2,328 60 3.859 2,274 47 3.930 2.25 100 3.90 2,265 100 3.9229
200 1.931 63 3.962 1.969 e 3. 538 1.95 30 3.90 1. 9614 53 3.9232
220 1.368 90 3. 880 1.3%93 26 3.940 1.385 16 3.917 1.36873 31 3.923%
31 1.170 100 3.880 1.188 63 3.940 1.180 16 3.914 1.182¢6 33 3.9222
222 1.122 70 3.9087 1.137 21 3.939 1.130 3 3.514 1.1325 12 3.9230
F11] I PRI IRV IR IUIIPRpIIp RN SUUIIITIPINI RN IR [ 00,9808 3 3.9232
Ml || cocomcana|| consens 0,904 o1 3.939 0. 899 3 3.919 9000 22 3.9229
D R [ 881 100 3.939 g274 2 3.018 8773 20 3.9230
L ¥ S (RN PRI B i ISP P I IR R BODE 29 3.9232
[ e | | T e
LY LR | US| | SRR | S = === = = R e
(o R (R | U | | ST | e e | | S T o e S || e A et Yoo H N Sn oo
B P e [ e e o e o e [ B e | e | | I R T pervearyae.
Average unit cell for
last five lines_________ 13- BT | SIS | e — 3403 IR (T R A A | R | 3.9231
" Unit not known. B Average for two lines only.
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2.15. Gold (Cubie)

Three patterns for gold are included in
the X-ray di ffraction pattern file of the
ASTM (see table 1).
table 16 with a pattern prepared at the NBS.
The sample used for the NBS pattern was puri-
fied by R, Gilchrist of the Chemistry Di-
vision of the Bureau.

These are compared in

Spectrographic analy-
8158 showed faint traces of silicor and cal-
cium (about 0.001 percent each}, and possibly
a faint trace of silver; thus the sample 1s
about 99,997 percent gold.

In table 16 all interplanar spacings are
given in angstrom units. The spacings of the

Davey, the Hanawalt, BRinn, and Frevel, and
the Harcourt patterns were converted from kX
units. Jung presented his data in Bragg
angle values from which interplanar spacings
were computed directly in angstroms for the
table, The intensity measurements of Hanawalt,
Rinn, and Frevel, of Harcourt, and of Swanson
and Tatge agree as to the three strongest or
111, 208, and 311,

index lines:

The gold lattice is face-centered cubic
(232]; the space group is @ (Fm3m).
are four

There
atoms per unit cell. Four measure-
ments of the unit cell edge at specified tem-
These

values were corrected to 25°C by the use of

peratures were found in the literature.

the coefficient of expansion of 15,2 x 10°%
[66], and converted from kX to angstrom units,
They

after all are corrected for units and temper-

compare with the NBS determination,

ature, as follows:
Uait cell at 25°C, angstroms
1930 |Sachs and Weerts [200] ________________ 4,0785
1633 | Owen and Yates [178] . ___.______.____ 4.0786
1935 |Jecte and Fooce [119]_ . .. ... ... 4.0786
1938 | Fsser, Eilander, and Bumgardt [66]---- 4.078
1953 | Swanson and Tatge oo oo oo imceecmmean 4. 0786

The density determined from the NBS lat-
tice constant 1s 19.302 ac 25°C,

TaBLE 16. Gold (cubic)
1925 1926 1926 1938 1942 1953
Davey Davey Jung Hanawalt, Rinn, Harcourt Gwanson and Tatge
kil and Frevel
Mo, 0.7093 A Mo, 0.7093 A Cu, 1.5405 A Mo, 0.70593 A Cu, 1.5405 A Cu, 1.5405 A, 26°C
d I a d I a d I a d I a d I a d I a
A A A A A A A A A A A A
111 2,35 | 100 {4.07 [2.35 |lo0|4.08 12,349 s [4.069 |2.35 | 100 | 4,07 {2.36 |100;4.09 |2,355 | 100 | 4.079
200 2.03 75 14.06 |2.03 THh|4.07 ]2.038 |ms | 4,076 | 2.03 53| 4.06 | 2.04 67| 4.08 |2.039 52 | 4.078
230 1.439 | 7514.070 | 1.440 | 75| 4.072 [ 1.436 | s | 4.063 1 1.442 ) 233 |4.07T8 1. 44 44 | 4.07 | 1.442 32| 4.078
i1l 1,237 | 88 (4.071 | 1.228 | BB | 4.074 (1.229 | = | 4.075 [ 1,229 ] 40 | 4.077 | 1.23 5 | 4.08 | 1,230 36 | 4.079
222 1.175 | 62 |4.071 |1.175 | 62 |4.071 {1.179 | = |4.084 [ 1.173 9(4,07191,177 | 12 ;4,078 [1.1774 | 12| 4.0786
400 1,018 | 38 14.072]1.018 | 38 )4.072 ) _.____ co || coooo 1.021 3| 4.084 | 1.019 3] 4.076 | 1.0196 G| 4.0784
331 9351 75 14.075 | 0.935 75]4.07510.935 | = [ 4.073 [ 0.937 91 4.084 | 09351 20| 4.075 | 0.9358 | 23] 4.0790
420 L911 ] 5 [4.073q 911 | 504 4.673 913 | s | 4.083 4912 Tl4.07T8 912 221 4.078 9120 | 22| 4.0786
422 832 50 [4.0741 .832 | solalotal _____ co || coooo .834 4| 4. 084 .B3Z| 33| 4.074 B325| 23| 4.0784
511 | ----. Bl cocoo LB oo [ 4,077 Lol s co || ceoas LT8G 414,082 (786 | 33| 4,082 | ______ U
Average unit cell
for last five
[y = I 4.073 1 . e [ 4074 . .| 4.076 | ... ceo | 4.0BZ .. e | 4077 | —._ | 40785
33
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2.16. Lead (Cubic)

Lead 1s represented by six patterns 1in
the ASTM X-ray diffraction pattern file (see
table 1). An additional pattern to those of
the ASTM cards, by Sclomon and Jones [16],
1931, was found in the literature. They are
compared 1in
at the NBS.

The sample of lead used for the NBS dif-
fraction pattern was obtained from the Ameri-
Spectro-

graphic analysis at the NBS showed faint

table 17 with a pattern prepared

can Smelting and Refining Company.

traces of bismuth and magnesium; the purity
of the sample 1s believed preater than 99,999
percent. It was annealed for one hour at
180°C in petrolatum.

The interplanar spacings of the Levi and
Solomon

lated for table 17 directly in angstrom units

the and Jones patterns were calcu-

from the published Bragg angle data. The re-
maining published patterns were converted
from kX units to angstroms. The interplanar
spacings for the 1925 pattern of Davey were
the ASTM card from two sets of
These
two sets were averaged to obtain the pattern
1926. Twe
cards in the ASTM file have patterns credited

selected for
values published in adjacent coclumns.
published by Davey in German 1in
to Harcourt; the interplanar spacings of
these are 1dentical and are given only once
in table 17,

The intensity measurements of the Leva
pattern were published as visual estimates,
which were given numerical designations for
the ASTM cards.

of the two Davey patterns are identical, as

The intensity measurements

published; the strangest line has a value of
These
were converted to a base 100 for the strongest

6, the others proportionately lower.
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bine in transferring the data to the ASTM

cards. However, the converted figures were
given to two places for the 1925 pattern, and
rounded off to one place for the 1926 pattern,
in table 17. The in-
tensity values for the Solomon and Jones pat-
tern, which is not included in the ASTM file,

are given 1n the table as they were published.

with the result shown

The 1ntensity measurements of both Harcourt
patterns are given; column I, refers to the
set published in 1942, I, to the
only in the ASTM file.

Lead has a face-centered cubic lattice
[232].
{Fm3m), and has four atoms to the unit cell.
The length of the unit cell edge has been de-

. set found

It belongs to the space group O;

termined, with great accuracy, by many inves-
tigators, The following lattice constants,
of fairly recent date, are converted to ang-
stroms for comparison at a standard tempera-
As published they are

in kX units.

ture, supposedly all
The temperature correction was
[178]) value
of 29.1x10°¢ for the coefficient of expan-

sicn at 20°C.

made by means of Owen and Yates'

Unit cell in angstroms at 25°C

1922 | Owen and Iball F173] .. ______.__ 4,5505
1933 | Owen and Yates (178 . .. . 41,9506
1933 | Obinata snd Schmid [167]__ . ____ 4.9496
1936 | Olander [169]) .. ... ... 1.9492
1941 | Stokes and Wilsen [21a)___________ 4.9503
1941 | Frieke [76) . 4,950
1941 | tu énd Chang [141] oo ______.__ 4, 9500
1946 |Klug [126) o ______ 5.9508
1953 Swanson and Tatge . o ooee e s 4.95303

The density of lead based on the NBS de-
termination of the unit cell is 11.34] at 25°C,



TanLk 17. Lead (eubic)
1925 1925 1926 1931
Davey fevi Davey Solomon and Jones
hEL
Mo, 0.7093 A Cu, 1.5405 A Mo, 0.7093 4 Cu, 1.5405 A
a 1 2 a e | &t a é I a a i a
A A 4 A 4 A A 4
111 2.82 100 4.88 - 2.80 s 80 4.84 2.B3 160 4_90 2.840 m 4.919
200 2.4 83 41.88 2.43 s 80 4.86 2.44 a0 4,80 2.461 m 4,922
220 1.735 23 4,907 1.731 ns 70 4,896 1.739 80 1,919 1.742 ] 4,927
311 1.483 100 4.019 1.481 va 140 4,912 1.483 100 4.91% 1.486 5 4.929
222 1.418 33 4,912 1.421 ms 70 4,922 1.418 30 4.912 1.423 m 4,929
400 1,232 &7 4,928 1.234 mw 50 4,936 1.232 70 4,928 1.229 w 4,916
131 1,130 67 4.926 1.133 s 80 4.939 1.130¢ 70 4,926 1.130 m 4926
420 1.101 50 4.924 1.105 s 80 4.942 1.102 50 4928 1.102 n 4.928
422 1.407 50 4,933 1.008 ms 70 4,938 1.007 50 4,933 1.005 o 4.923
511 0.945 33 4,931 0.951 ms 70 4,942 0.950 30 4,936 0,943 m 4.926
440 873 33 4 _93B -873 m &0 4, %30 .B73 30 4,938 870 n 4,921
531 B35 17 4. 940 837 s 140 4.952 833 20 4.0 | oo ceen | e
620 .823 17 4,938 .823 s 80 4.950 823 20 4938 | coomeem | i | el
e || conoooe || cocmomn |fasosoos .T83 s 80 4,952 .78l 20 4,939 | | | oo -
(723 A [V [P NS S | DU [ PSS IS [P PP (S
L7 ¥ S U N N [ [EPUEN (R (DR [ (R D R [ [P
Average unit cell for last
five lines__ ... 4.936 | c-aeean P | e 4,949 | e 4,938 | cemeeem | maeaam 4,925
1938 1942 1953
hhi Hanawalt, Rinn, and Frevel Harcourt Swenson end Tatge
Mo, 0.7093 A Cu, 1.5405 A Ca, 1.5405 A, 26°C
] I a d " 1® a d I a
A A A A A A
1 2.86 100 4.95 2.85 90 100 4.94 2.855 100 4,945
200 2.47 50 4,94 2.450 70 90 4,900 2.475 50 4,950
220 1.74 50 4,92 1.744 a0 90 4.933 1.750 31 4,950
311 1.493 50 4.952 1.488 100 100 4,935 1.493 32 4.950
222 1.431 17 4,957 1.426 40 80 4,940 1.429 9 4,950
400 | cmoocmem | i | e 1.235 10 50 4,940 1.238 2 4,950
331 1.136 17 4,952 1.135 70 90 4947 1.135¢9 10 4.9513
420 1.107 17 4,951 1.107 70 90 4.951 1.1069 7 4. 9302
5.7 AR R 1.011 70 90 4,953 1.0105 [ 4. 9504
153 1 I (PO N IR 0.9534 70 90 4,9540 0,9526 5 4,9500
L]
440 | e | e | oo .B77 10 50 4.961 .B752 1 4.9508
) N SRV SR . B382 70 20 4. 9589 2369 9 49510
<71 R SRR (N 8267 50 90 49602 .8251 4 4.9507
EE . || coceemcon || ccommos || socooocao || comommomo || cecmmmmee || sommommem |} cemmm oo || cemnetomes || comeemee || ccmcemmooo
| coscomooa || coos —co || scocoocos || cococooane || cecmmanas || cemmccoos || ceomscoocos || cosomooe oo || cemmemae || oo coomoos
F ¥ 7. S SRRV (SRR [NV [V RUTRU [N IS U [ SR | N ———
Average unit cell for last
five Jines ..o _o__._.. 8958 |l commoccons || coacasaos || somemcmas “RIFT || cccmosoens || cmccemas 4,9506

® As first pub)ished.
b On ASTM cerd.

° Average for 511, 531, and 620 lines,
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2.17. Beryllium Oxide, BeQ (llexagomal)

In addition to four patterns for beryl-
ASTM
file (see table 1), patterns by Zachariasen
[258, 259) and by Claassen [47]), found in the
literature, are compared with an NBS pattern
in table 18.

terns are very similar, only the first is re-

lium oxide (bromellite) included in the

Since the two Zachariasen pat-

produced in the table,

The sample of BeO used for the Bureau
pattern was prepared by the Brush Beryllium
No. 1743-1747, is of

fluocrescent grade, and was prepared at a fur-

Company. The material,
nace temperature of 1,150°C. Spectrographic
analysis at the Bureau laboratory indicated
about (.03 percent Al, <0,0]1 percent each of
Ca, Fe, Mg, and 51, and traces of Cu, Pb, and 5n.
the ASTM card

carries spacings derived from the author's

For the McKeehan pattern

Bragg angle data, while for table 18, d was

obtained directly from the author’s log d
values, and converted from kX to angstrom
umi ts. The Claassen interplanar spacings were
calculated directly 1n angstrom units for
table 18, from the Bragg angle data published.
from the ASTM card

whether the pattern of the United 5teel Com-

Sinece it 1s not clear

panies, England, 15 in kX or angstroms, it was
not altered, All others were converted te
angstroms upon the assumption that they are
114 and
212, not previously observed, show up 1n the
NBS pattern. The 004 and 104 appearing in

the two Zachariasen patterns and in the United

published in kX units. Twe lines,

Steel Companies pattern were observed only
with difficulty in the NBS pattern. In the
United Stezl Companies pattern the line of
interplanar spacing ¢.993 is indexed as a
compound reflection from 104 and 113 planes.

As the presence of a 113 reflection is not

TasLe 18. Beryilium oxide, BeQ (hexagonal)
1922 1925 1925 1926 1938 I 1953

MecKeehan Zachariasen Aminof f Claassen Hanawalt, Binn, | United Steel Swanson and Tatge

Rkl and Frevel
Ma, 0.7093 A Cu, 1.5405 & Fe, 1.9360 4 £, 1.5405 A Mo, 0.7093 A Co, 1.7902 A | Cu, 1.3405 A, 26°C

d I 4 I 4 I d I d I 4 I 4 I

4 4 4 4 ) 4
100 | 2.34 a0 2.34 100 | 2.33 100 2,40 81 2.4 80 2.34 100 2.337 91
002 | 2.18 60 2.20 60 2.18 50 2.20 5B 2.19 50 2.19 80 2,18¢ 61
101 | 2.06 100 2,07 100| 2,05 100 2.14 100 2.06 100 2.06 100 2.061 100
102 | 1.601 30 1.60 30| 1.59 S0 1.460 24 1.5% 24 1.60 60 1.598 22
110 | 1.349 BC 1.33 a0 | 1.34 73 1.35 39 1.353 32 1,33 70 1.349 29
103 | 1.239 80 1.24 80| 1.20 75 1.24 3l 1.242 32 1.24 70 1.238 24
200 | ool | ceeen 1.167 20 1. 165 25 1. 16% 4 1.172 4 1.17 40 1. 1682 4
112 ) 1.148 60 1.149 T0{ 1.1a4 73 1.151 il 1.152 20 1.15 60 1.1482 16
201 | ceccce | omme- 1.12¢ | 20-307] 1.123 25 1.101 4 1.132 4 1.13 40 1.1287 5
(11 F. 3 (R 1.119 O=10 | orann | cmcoo | cmrwme e [ mmmme b mmmean | memae 1.09 20 1.0958 <1
202 | omm ] e 1.031 | 10-20| L.025 25 1,026 | ——--- 1,034 3 1.03 40 1.0308 3
104 | oo | ccae 0.993 [ L1 [ [ — 0.938 4 | cososos || coases 0,993 20 99 <1
203 | D.910 20 911 T 1| coaones || coooe L9018 | —ea-s 0.917 B 914 70 L9118 10
210 885 10 g3l P10 (R . 886 13 . 082 2 | EEETRE e .B832 4
211 866 10 464 L SRR S, .B66 7 B2 S R . B6S5T 5
| commmme || oo || coosome || eomos || coomsos || sooms || coccmme || soacs || secccca || cocase || acccccs || coses 8498 2
105 | 0.820 2 || soccoes || esmos || ssssss || cosse || smmoses || coses 0.824 || comoe || emoea 8199 14
A e e oo || sooee || coctoce [{emeci || secenaza || oosee |Jeecoose || soces || sossses || coesae ||ooseess || cosee 8179 8
-—- | 0.780 D |} cccooos || cosos || cmosoea if sooes || coomses || coose 0.782 1 ||cosooos || cosee || eccossscna || ccecsca
ooo ||ooomsce || comos || cocoanas cocoo | cosoooo || cozas || concces || 2ooes T60 - I [ RO [ RO S
--- | 0.733 A ] ccceama || casoa || sesencs || comes || semaans || sooce || comooos | commae ||cmomnos || cocse || somscocmen || comnnaa

? Unit not known.
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compatible with the structure worked out by

Zachariasen, the line
table 18.

The intensity values of the Claassen, the
Hanawalt, Rinn, and Frevel, and the NBS pat-
terns are closely comparable, with cthe 101,
100, the first,
second, and third scrongest, respectively,

Zachariasen [259] in 1926 recorded the

space group determination of C:‘Ir (Cémc) for

i1s indexed only 104 in

and 002 lines appearing as

There are two
Two
lattice constants found in the literature com-
pare with that determined from the NBS data

hexagonal beryllium oxide.

molecules in the hexagonal unit cell.

as fellows:

Unit cell, n angstroms

[+ [
1925 | Aminoff (2] oo 2.69 4,37
1926 | Zachariasen 1259) . . __..... 2,699 | 4,401
1953 | Swanson and Tatge {26°C).__.__.. 2.698 4.3280

The density, based on the NBS lattice
constant, is 3,008 at 26°C. The material used
was too finely divided for determination of

the refractive index.
2.18. Magnesium Oxide, MgO (Cubic)

Four patterns for magnesium oxide {peri-
clase) listed in table 19 appear in the ASTM
file (see table 1).

and Brownmiller,

The pattern of Hansen
card number 2-1395, 1s er-
roneously labelled Mg{OH), in the 1950 f{file,
al though correctly ascribed to Mg0 in the old
file,
as Mg(OH), and was repeated thus in the new,

However, i1t appeared in the old index

Two of the patterns of table 19 are combined
on one ASTM card; the United Steel Companies,
England, interplanar spacings parallel the

intensity measurements of Wyckoff and Arm-
strong, Five patterns were obtained from tne
literature; they are by Bissem, Schusterius,
and Ungewiss [43), Frevel [74], Gerlach [79],
Menzer [151), and Passerini [182].

The NBS pattern was made from a sample
contributed by the Radio Corporation of Amer-
ica as a pure compound prepared for use in
[12s],
tallized in a graphite crucible which was
maintained at 1,800°C for three hours. An

NBS spectrographic analysis shows calcium and

phosphor research The WgQ was crys-

silicon between 0.0] and 0.1 percent; alumi-

num, boron, chremium, i1ren, and nickel, be-
tween 0.001 and 0.0] percent,

Some of the patterns of table 19 were
Those

of Gerlach, of Passerini, of Wyckoff and Arm-

corrected to angstroms from kX units,

strong, of Bussem, Schusterius, and Ungewiss,
and of Menzer were calculated directly in
angstroms from the published Bragg angle data.
Two errors ocenr in the Hansen and Browomiller
pattern; the spacing for hk!=200 15 published
as 2.0, doubtless in error for 2,10,
ASTM card notes; and the spacing 1.243 is su-

as the

perfluows to the pattern. The Hanawalt, Rinn,
and Frevel, and the Frevel patterns show two
Kaz listed in table 19,
where only Ko, lines are tabulated. In the
table the complete pattern of Wyckoff and

lines which are noat

Armstrong is given, of which enly the inten-

sity values for the first eight of 16 lines
appear on the ASTM card.

lines are given in almost every case as 200

The two strongest

and 220, but the third strongest 1s not uni-
versally agreed upon. Three patterns (in-
cluding the two of most recent date) and
the NBS pattern agree that 420 is third

strongest,
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TABLE 19. Hagresium oxide, MgQ (cubic)
1921 1928 1929 1029 1937 1938
Gerlach and Hansen and Passerini Wyckoff and Bussem, Hanawalt, Rinn,
Pauli Browvnmiller Armstrong Schusterius, and Frevel
hkl .
and Ungewiss
Co, 1.5405 A Ma, 0.7093 A Co, 1.7889 A Ma, 0.7093 A Cu, 15405 A Mo, ¢.7093 A
d || @ a [l ] a i@ (I} a i | 1| a 4 I| a d | 1| =
4 4 A A A 4 4 A 4 4 A A
IR | cecos oo || eccoe 2.44 W 40 04.23 | _____ coi| Se==oo 2.43 20| 4.21 | 2.44 9] 4.23 | 2.44 6]4.23
200 1 2.11 s | 4.22 | 2,01 m 6 1 4.02 | 2,07 ¥vs | 4.14 2.10 100 | 4.24 | 2,102 100 | 4.204 § 2.10 100 1 4.20
2200 11,492 | s [ 4.220 [ L.486 |vs | 100 [4.203 | 1.476 | vs | 4.075 | 1.484 | 585 | 4.197 | 1 489 48| 4.211 [ 1L4BR| 75| 4.209
311 ) 1.278 | mw | 4.239 | 1.269 |vs | 100 j4.209 | _____ S 1.267 6| 4.202 | 1.270 Bl 4.212) 1.269 6| 4.209
[ [P [ 1246 | m | 60 [ cooon | comam N o ([P oo || comen || ocoos SN | e
232 11.219 | = [ 4.223 [1.214 | = g0 | 4.205 | 1.212 | = 4.198 [1.210 15| 4.192 | 1.215 la| 4.209 [ 1,215 15 | 4. 200
400 |1 1.047 | s | 4,188 [1.05] (m GO 4,204 | 1.056 |ms | 4.224 | 1,049 6| 4,196 | 1.052 9] 4,208 1.083 4]4.208
B || cccea || oo | soses G.965 | w | 40 [4.206 | ..... oo | cooooo 0.964 4| 4.202 | 0.9657 5] 4.209 | §.965 1]4.206
420 | 0.948 | o | 4,240 941 | = 80 [ 4.208 |0.944 | vs | 4,222 L938 | 14 | 4.195 9409 | 25| 4,208 .942| 10 4.213
422 L8Bhl | = | 4.218 LB58 | s B0 | 4.203 | ----.- oo l| comooe 857 B 4.198 8603 | 23] 4.215 . 862 44,223
511 813 | m= | 4.224 L808 | w AG | 4,198 | ..-- o || sccosa .BOR L|4.198 8113 T]4.216F -a--- - | DR
LY L1 oo || coooo 742 | m 60 | 4,197 | oooas co || emomes L7432 24,197 [ caaaas oo || ozmes || comee o= || =o=o=
% 7 N ORI NP APUPUR RSP [ R S oo || cemmoa .709 14,194 | ... T R cmmoa || ces || acoas
31, O B = 0,699 (m 60 | 4,194 | .- o | - 699 3 I S L7 N S e | | Sy pu——
G20 | ... oo || sosse L6683 | m 60 14,193 | ... c= || s=om=o . 663 2 (4.3193 | -amnas ooa || cecco || @coos _ B .
GHEN p—— oo || e=soe || amaso il c= I oo co || cosooes 0 LS U I O (7 SRR [NV [ aco || oooes
(P || c=coo | oo || coseo 0.632 | m 60 (4,192 | __._. SN 632 1| 4,192 p o __ P R T R
640 | o e 581 | m At | 4.189 [ ...-. oo || ceeoos | oscos cco || sosoo || coscas ozo || coooe || oooos —oo || oocos
L% ¥ oo || cosaa L 560 | m A1 4,191 | .- RN P [ moe || 2mm== || 2omo=e oo || 2z==e || 22ooe S
Average unit
cell for last
five lines___ | 4.219( ___. oo | oso || GpdEH || coooo - f4.205 | oooao P 0 LT B R S B 555') [ ) S - | 4.212
iy 1944 1946 1947 1953
e United Sreal Frevel Clark Menzer Swanson and Tatge
____________ Mo, 0.7093 A Co, 1.7889 A Cuo, 1.5405 A Cu, 1.5405 A, 26°C
d 1 a 4 I a d = a ] I a d I a
A A A 4 4 A 4 A A A
11l [ 2.430 20 4.200 | 2,430 8 |4.209 | 2.42 yvw 0 [ 4.18 | 2,430 g8 | 4.209 | 2,431 10 [ 4.210
200 | 2. 104 104) 4,208 2.1 104 4.214 [ 2. 10 ¥s 100 | 4.20 | 2.104 100 | 4.208 | 2. 106 104 | 4.212
220+ | 1.488 60 4.209 | 1.490 50 | 4.214 | 1.484 5 80 | 4,197 | 1. 4485 51 14,200 | 1,489 52 | 4.211
311 | 1.269 10 4.209 | 1.271 4 |4.215 | 1.265 vw 20 | 4.195 | 1.265 7T |4.185 | L270 4 14,212
232 | 1.214 1 4.205 1.218 12 4.219 | 1.210 m 6t | 4,192 | §.211 14 | 4.195 | 1.215 12 [ 4.212
400 | 1.4521 ] 4. 2084 | 1.055 4 14,220 | 1.050 vw 20 | 4,200 | 1.051 & | 4.204 | 1.0533 5 14.213
331 | 0.9654 5 4.2081 | 0.9681 L [4.220 [0.264L | vvw 10 | 4.202 | 0.9647 3 | 4.205|0.9665 2 | 4.213
420 LG410 1 4. 2083 0424 . 4.215 9304 ms 70 | 4,201 9413 23 | 4.20% L9419 17 [ 4.212
EREN| Gooood, || coooo ||Bacoans L8600 | oo 4,213 [ cccmm e oooge || bBhooo 8588 18 4,207 8600 15 | 4.213
S| S oocoal || acooe || canases || aaasss || cocsa || aases || coooos| coome || sooee || cooss .Bl101 5 | 4.209 g109 3 14.214
Y- LI I A [ R e || coome || coson || soooe || coooo || saccos || soose || asa=c || cocooo croe || cooms
Il || cmcae (| somna || cocmsen || eaomas || aomme || aooas | cosean || comen || coccn || azaee [[cccmas || sases || camse [foameas S [ —
H) | coctad || conoe || bocmnca || socmas || sacss ||cosas || cosoos || sasos || cooes || ccoos || cooses [RPRVRPRR [P (P coma || @z=ms
L s | e e o P | e e e e il = = I o || dbacoilietaaas o L IS
53% o N, g S = RS ) ISR (S R RS S B e S I
£ ) ermeans s e ey e Lo e o x| v [y |feertey | cemoes ] V.
B40 | oo | s oz | cactaall &a0en || 6 omss [|oacoes || coeee B it i ol s cpm o || ] s [| S S| P—
._6_42 ______ ; _________________ i Sommmml feee 2 | LT i L e || b i | e | et | Ml | S e || B, |
!}‘\vt:rage unit i | ]
I cell for Last . : ! !
five lines--..__ 1 4,2082 l ___________ L W L i | B E _____ AN10H | BT | PRI, (2 1 | - | e || 20
® Published intens:iy values. 2 Intensivy values as they appear on ASTM card. 5 Average of four lines only. 4 Ay-

erage of three lines only.
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Magnesium oxide has a face-centered cubic
lattice [101], space group 0: {(Fm3m), and four
molecules in the unit cell, Unit cell values
are tabulated below for comparison, They are
all given 1in angstrom units, the three pub-
lished ones converted from kX units, at 25°C.
The coefficient of expansion 14.45x 10°% [42]

was used.

fnit cell in angstroms at 25°C

1935 | Bussem, Bluth, and Grochtmann (42).___ | 4.211
1936 | Straumanis and Tevins [216 ). ... ... 4.2115
1944 | Frevel (74) . ... 4.214
1953 | Swanson and Tatge. .o ..o ______ 4,213

The density calenlated from the NBS lat-
25°C. The NBS

index of refraction of

tice constant 1s 3.581 at
sample shows an

n=1.732.

2.19. Silicon Dioxide {Jlow or a-cristohbalite),
§i0, (Tetragonal)

Seven ASTM

a-cristobalite are cepresented by nine origi-

patterns (see table 1) for

nal patterns {some are combined on the cards)
in table 20.
ditional pattern

These are compared with an ad-
from the literature, by Jay
{117], and one produced at the NBS. An eighth
card {number 956 of the original set} is mis-
takenly referred to in thie original ASTM in-
dex [1] This card, which 1is

not itself designated @ aor £, 1s represented

as the a form.

in the new edition by a pattern labelled cor-
rectly "G-Cristobalite” {card number 1-0430).

The NBS sanple was obtained from the Ra--

dic Corporation of America Laboratories,
Princeton, N. J. Tt was purified in comnnec-
tion with the RCA Phosphar project {135], and
had been heated for two hours at 1,420°C; a

trace of tridymite showed up in the A-ray di-
agram.

All the patterns of the table were changed’
from kX to angstrom units except that of
Thilo, which was calculated directly in ang-
stroms from Bragg angle data given. W%ith re-
gard to intensity measurements, the three
strongest lines are the same as those of the
NBS pattern—101, 200, 102—although some of
the patterns show 111 equal in intemsity to
102, except for the British Museum pattern, 1in
The 1n-

tensity values of most of the patterns were

which 102 appears stronger than 200.

published as visual estimates, but are given
in the table in the numerical conversion
shown on the ASTM cards;
sities of Barth

the measured inten-
and of Hanawalt, Hinn, and
Frevel are converted to a base of 100 for the
strongest line as an the ASTM cards.

Early workers considered alpha cristobal-
Nieuwenkamp (163]

structure of the

ite cubic or nearly so,
established the tetragonal
mineral, showing that 1t has the space group
D} (P4,2,), and the enantiomorphous form 1)
(P4,2,). There are four molecules in the unit
cell.

constants from his data with

The {ollowing table compares lattice
those later de-
termined by Jay [117] and those based on the

NBS pattern, all in angstrom units.

Unit cell, in angstroms

a [
1935 | Nieuwenkamp [163] . . ....__. 4.97 £.93
1944 | Jay [117) (22°C) oo . 4,9715 | 6.9193

1953 | Swanson and Tatge (27°C}.___. 4.973 6,95

The density was calculated from the NBS
as 2.32 at 27°C.
refraction were determined as e= 1,484 and
w= 1, 486.

unit cell The indices of
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TapLE 20,

Stlicon dioxide

{low or a-cristobalite), 5i0, {tetragonal)

1928

Me¥ey and
Thomps on

Mo, 0.7093 A

1932
Barth

Mo, ©0.7093 A

Initad Steel

1938

Hanewaft, Hinn,
and Frevel

Mo, 0.7093 A

Allia-
Chalmers

Fe, 1.9360 A

1939
Thilo

Fe, 1,9360 A

1.3458 20
1.3332 50
1.2989 30
1.2810 50
1.2329 20
1.2234 40
1.2058 20
1.1835 40
1.1749 40
1.1533 20
1.1552 20
1. 1098 40
1.097¢ 50
1.0957 50
1.0874 10
1,0782 20
1,086 10

40

44

{Continued )



TapLe 20, Silicon dioxrde (low or a-cristobalitel, Si0, (tetregomall —Con.

1941 1944 —_— 1946 1953
R Baumann Jay British Museum Clark Swanaon and Tatge
Cu, 1.5405 A Co, 1,7889% A, 22°C Cu, 1.5405 A Mo, 0.7093 A Cu, 1.5405 A, 21°C
d I d d I d d I
A A A A A

1.3458
1.5332
1.2490%9
1.2a10
1.2329
1.2234
1.2058
1.1836
1.174%
1,.1633
1.1552
1, 1098
1,0976
1.0957
1.0a92
1.0782
1.0686
1.0611
1.0448
1.0388
1.0013
0.9942

. 9892
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2.20. Silicon Diexide (High or
B-Cristobalite), Si0, (Cubic)

Although an NBS pattern was not made for
high or f-cristobalite, the published pat-
terns were reviewed in order to select the

ASTHM
Three cards in the latest edition of

most suitable one for retention in the
file,
the ASTM file of X-ray diffraction patterns
record two patterns for high or S-cristobalite;
the two patterns are combined on the third
card (see table 1). Two references are given
to Wyckoff [254, 255]—one on the simple card,
one on the combined card; they were published
the same year, the one in German a transla-

tion of the one in English, and the patterns

TabLE 21. Silicon dioxide {hagh or f-cristobalite),
810, fcubic)
1925 1932 S
Wyckoff Barth and Posnjak Combined *
kel
Mo, 0.7093 A, Me, 0.7093 A, Mo, 0.7093 A
290 °C 5009
d I a d i Q 2 I 2
A 4 4 A 4 A
111 4.137 100§ 7.165| 4.15 (100 7.19 §4.14 |10D} 7,17
/1R ] AR ao | coces || BalH 5(7.15 | 2.92 53| 7.15
2201 2.524 | 45] 7.139] 2.53 80(7.16 | 2,53 90| 7.15
E]) | ac{| coooe 2,17 | 107,20 |2.17 10} 7.20
222 2,07 | 13 7.171) 2.07 300717 j2.07 30 717
320 - ST —— 1.99 5/7.18 |1.99 7.18
4001 1.779 | e 7.1167) 1.793 5(7.172]1.7% | 7.1a
C01 )] | R oo f| @=ooe 1.688| 5|7.162]1.69 51 7.17
331 L.637; 35 7.136] 1.639 60 )7.144 | 1.639 { 70{ 7.144
422 | 1.455| 300 7.128f L.469| 50| 7.148 | 1.457 | 60 7.138
5114 1.372| 10 7.129} 1.379| 20| 7.165 | L.376 | 20| T.150
4301 1.261] 151 7.133§ 1.265| 30| 7.156 | 1.263 | 30| 7.145
531 1.2031 28] 7.117} 1.209| 30(7.153 | 1.206 | 50| 7.135
620 | 1.125] 10 7.115] 1,130 20} 7,147 | 1.127 | 20| 7.128
333 F 1085 eo.[ 7.115) 1,089} 5}7.141 | 1.087 | 10| 7,128
444 | L.03Y | er.| 7.1431 1.029 517,129 11,0301 10| 7.136
711 0.993 | 5| 7.091| 1.000| 10]7.141 | 0.997 | 10| 7.120
6542 L9491 7 71021 0.956| 10(7.154 | 953 20| 7.131
731 924 41 7.097] .929| 10|7.136 | .927 ] lo| 7.120
222 | .38 | 3| T.110( _____ L_ | Sy .B38 58 7.110
Average unit
cell for last
five lines_._|7.109| _____ [ P 1) ) --|T.123

*Wyckeff pattern combined with
on ASTM card I1-588.

that of Barth and Poanjak

42
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are identical. Two literature references to
Barth and Posnjak [8], one on a simple, one
on a combined card, are identical, although
the combined card erroneously lists the jun-
1or author first. The older edition of the
ASTM file labelled the Wyckoff pattern simply
"eristobalite™ and listed it in the accompa-

In the 1950
correctly labelled and

nying index as "a-cristobalite.,"
edition the card is
indexed. The combined pattern apparently
represents an average of the two published
patterns, with the addition of lines given by
one or the other.

Some of the data on the ASTM cards is
confusing., The new card for the Wyckoff pat-
tern states that the material 1s stable "over
275°" but does not indicate that the pattern
The Barth and Posnjak

card does not mention temperature,

was prepared at 290°C.
The com-
bined card gives the Barth and Posnjak tem-
perature correctly as 500°, the Wyckoff tem-
perature erroneously as 430°, and states cryp-
tically on the card "510, at about 450°,"
which 1s evidently meant for a rough average
of the preceding values, An error accurs in
the listing of intensity measurements an the
Wyckoff card; the third line should read "13"
rather than "7" {on the old card "0.125" rath-
er than "0.07").

For table 21 the

patterns were reduced ta

spacings of the ASTM
angstrom units on
the hasis of the wavelength used for molybde-
num radiation. Since, in the temperature
range indicated, the coefficient of expansion
is of the order 8x10°% [42), the difference
in the two sets of spacings due to tempera-
The intens:tties of the

ture is very little.

three patterns correlate well; in each case
the three strongest lines are represented by
111, 220, and 331.

The space group of £-cristobalite, which
belongs to the cubic system, is T° (P2,3)
[42],

cell,

There are eight molecules in the unit
Published unit cell measurements, con-
verted to angstrom units at 500°C (using the
coefficient of expansion noted above} compare

as follows:



Unat cell im angstroms at s500°C

1920 | Wyckeff [23a) ... _____. 7.127
1932 | Barth and Posnjak (8] ___._______ 7.16
1035 | Bussem, Bluth, and Grochemann [42) | 7.1282

As noted 1n table 21, however, an average
Barch and
Posnjak pattern at 500°C yields 7.140 A for

the lattice constant, which 1s closer to the

of the last five lines of the

value of other workers. Because of its
greater completeness, as it shows several low
angle lines not given in the earlier pattern,
1t is recommended that the Barth and Posnjak
pattern be selected as the standard ASTM

pattern.

2.21. Caleium Oxide, CaG (Cubic)

The file of X-ray diffraction patterns of
the ASTM includes three cards for calcium
oxide (see table 1). One of these i1is a com-
from three sources, of which
The
previously published patterns are compared in

table 22 with

posite of lines

one was previously unpublished. four

two additional patterns found

in the literature by Gerlach (77],and by
Natta and Passerini (I57], and a pattern pre-
pared at the NBS.

The NBS sample was obtained as calcium
carbonate from the J. T. Baker Chemical Co.,
Ne. 121647, and calcined in a platinum cru-
cible at 925°C for 1 hour. The following
chemical analysis (in percent) was provided
by the chemical laboratory of the NES: in-
soluble i1n HCLl and NH, OH ppt, 0.01; chloride,
<0,005; sulfarte, 0.037; alkalis {as SO, 1},
©¢.011; barium, <0.1; heavy metals (Pb, etc.),
0.001; Fe, <0.003; WMgO and alkalis, 0.21.
The J. T. Baker Chemical Company specified
the barium content as ¢,005 percent and the
iron as 0.001 percent. In preparing the pat-
tern a petrolatum mount minimized hydration.
The interplanar spacings are given in
The Gerlach [77) pat-

tern was calculated in angstroms

angstroms in table 22,
from pub-
The Harrington [89]
and the Brownmiller and Bogue [40] spacings

lished Bragg angle data.

were converted to angstrom units in accordance

with the wavelength given for the radiation

TaBLE 22, Calcium oxide, CaQ fenbic)
1922 1927 1929 1930
Gerlach Harrington MNatta and Passerini Brownmiller and Bogue
Tkl
Cu, 1.5405 A Mo, 0.7093 A Cu, 1.5405% A Ma, 0.7093 A
a I a. a I a d I a a I a
A A 4 4 4 4 4 4
111 2.772 me 4. 801 B 70 4,80 2.626 w 4. 548 2.754 n 4.770
200 2.398 s 4.796 2.40 100 4,80 2.372 ms 4.744 2,381 55 4,762
220 1.689 5 4,777 1.698 100 4.803 1. 683 5 4.760 1,688 S 4.774
311 1.438 mw 4.769 1.448 an 4,802 1.440 ms 4,776 1.439 m 4.773
232 1.379 i 4.777 1.387 B 4,805 1.381 ms 4.784 1.380 m 4,780
400 1.153 w 4.772 1.200 60 4,800 1.193 mw Qo TS || cccomms || ccoco= || consmae
331 1.095 W 4,773 1.10¢ 50 4.795 1,096 mw the Wi || cmccman || coemos || cocsoass
420 1.082 s 4,839 1.073 a0 4,799 1.073 s 4,799 1.071 m 4.790
422 0.9p02 ms 4.802 0,078 70 4,791 (.980 5 4,801 0.976 m 4,781
511 9133 ms 4.746 922 50 4.791 . 926 mw 4,812 | eeee | e | mmmmmma
440 8454 m 4.782 . B4AT a0 4.791 . 847 m 4,79] [ eemcmmm | mmm i m | mmmema
331 8110 5 4.798 .B10 50 [P0} R (SRR SO U (N
600 8003 5 4. 802 ., 798 40 4,788 | [ e | e | e | e | mmme e
GEN || comomoas || commes || comeoas LTG5 40 94 ) N ASORP (PPN PSUEPEERI [ I ORI
Bl | coooooos || cooooo |Focooace || aoccoas || aascoss | coctiton || cooocBE| | comaot [ ocemces || BESaEn | et tam fotEsenes
52 N | [PV | | J—-—— 0,722 40 QTR || cocsocs || ooomns || cosccos || Socecsal| soooes || comannoe
L 77 T SR (IR PR L0692 10 E9r-T. S S (U (SR [ (I
TR || oot | ] BT 30 [ Y 3V [RUNRRURURRY [DURIPOR RN ORI DSOR R [P
840 b oeien | e | oo LGRS il - N NI, [IURPIIU SPIpIIUI NIPIIIPRI UV [P
Average unit cell for last Five
11 S 4.786 | oooil | oo byorre | | O LT O 4.780
" Eleven additional lines omitted. : Averaged from lines not shown, {Continued)
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TaBLE 22, Calcium oxide, CaQ feubic)—Con.
1938 1946 1953
Hanawait, Hinn, and Frevel Clark Swapson and Tatge
hkl
Mo, 0.7093 A Co, 1.7869 A Cu, 1.5405 A, 27°C
a I o d e 1 2 d I 2
A 4 A A 4 4
111 2,77 40 4,80 2.77 vw 20 4.80 2.718 34 4,815
200 2.39 100 4.78 2.39 S 80 4.78 2.405 100 4,810
220 1.59 683 4.78 1.69 vE 100 4,78 1.701 45 4.811
311 1.448 20 4,802 1.443 w 40 4.786 1.451 10 4.812
222 1,385 20 4,798 1.381 w 40 4.784 1.3920 5 4.815
400 1.202 10 4.808 1.197 vw 20 4. 788 1.203 4 4,812
331 1.102 7 4.804 1.099 Y 20 4.790 1.1036 4 4, 8105
420 1.073 27 4,799 1.072 m &0 4.794 1.0755 9 4.8098
422 0.981 13 4.806 0.9704 m 70 4. 798 0.ag1e 9 4, 8103
511 924 3 4,810 9240 vw 20 4. 810 3 4. 8106
440 . 849 3 1% 8 03 T | S | DU | U | P — 4 4.8106
531 .812 3 4,804 |l | ccccice | ceemee | aemaaaa 5 4.8104
600 . BO2 i} 4,812 b oo | cemmaen | ememmae | el [} 4.8108
620 .61 2 P T D o heepratonti | s | v || oo ) mimeinee o flemmaoe ol cosmemmone
533 .732 1 A R e ] e T - o «
622 124 2 A0 2 W | W — | S—— | — ] ( P———— | ——— ——
TUEL T e ey | gt s | 0 i |y i 1 s o || i e {1 1 e e || cmmcsmed |l Socd Somoe
711 0. 672 1 AUT99 | . v || e | e |||ttty || It | ST | o ———
640 . 667 1 4.810 e e |ITT Y e T YD | __________J
Average unit cell for last five 1
Ilines ST T L _SRTE T e CUTNE O/ | APSNTOR | [ | —— AT 95 0 = S || S 4. A105 ‘
€ published. 4 ASTM card.
used. The remailning patterns were converted 2.22. Titanium DHoxide (Rutile), Ti0,

from kX units. The intensity measurements of

and of the NBS
show the three strongest lines as 200, 220,

Hanawalt, Rinn, and Frevel,
and 111 in the order given.
Calcium oxide has a face-centered cubic
lattice, and the space group Of (Fm3m) [61].
There

Several

are four molecules in the unit cell.
lattice constants are listed below

for comparison.

Unit cell wn angstroms

________ United Steel, England . _._ ... _.. 4. 8082
1942 Huber and Wagener for Y. 4,811
1953 Swansop and Tatge (27°C)___.______ 4,8105

The density calculated from the NBS lat-
tlce constant 1s 3.345 at 27°C. The index of
refraction was not determined on the NBS
sample; it is given as 7, = 1.837 by Winchell
[250].
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{Tetragonal)

The three patterns of the ASTM diffrac-
tion pattern file {see table 1) are compared
in table 23 with an earlier pattern found in
the literature, Vegard [234], and with one
prepared at the NBS. One of the ASTM pat-
terns lists five references as sources, only
three of which were published; of these only
two (by Kerr, and by Weiser and Milligan) ap-
The third,

Boldyrev [18) (who compiled it from a Russian

pear 1n table 23. ascribed teo
published source [133]), was made from a nat-

tural mineral from the Ural mountains and,
possibly because of impurities, is so unlike
the other patterns in the table that it was
not included.

Material for the NBS pattern was abtained
from the National Lead Company, Sample No.
MP 559.

shows no impurity greater than .00] percent.

Spectrographic analysis at the NB3



The sample, chiefly anatase, was heated for twa
hours at 1,000°C and cocled slowly to obtain
the rutile phase.

The

were converted from XX to angstrom units ex-

interplanar spacings of all patterns

cept those of the Vegard pattern, which were
calculated in angstroms from the published
Bragg angle data, and the pattern of the
United Steel Companies, which is given, appar-

ently, in angstroms. The three strongest
lines are shown by the Vegard and the Hanawalt,
Rinn, and Frevel patterns as 211, 110, and 10%;
the Kerr, the Weiser and Milligan, and the
NBS patterns show them to be 110, 211, and 10l.

Butile, which belongs to the tetragonal
system, has a space group determined as Di:
{(P4/mnm) by Huggins {98].
determinations, converted from kX to angstrom

Recent unit cell

TapLe 23. Titanium dioxide (rutilel, Tio,
1926 1932 1934 1938 ——— 1953
Vegard Kerr Weiser and Hanawalt, Hinn, United Steel Swanson and Tatge
hEl Milligan and Frevel
Cu, L.56405 A | comcmmacace | memmeomoaos Mo, 0.7093 A | ccrcencaaeas Cu, 1.5408 A, 26°C
a I d I il I d I d I 4 I
4 A A 4 A A
110 3.292 50 3.28 100 3.25 100 3.25 a0 3.25 BS 3,243 100
101 2.510 30 2.51 50 2,48 9 2.49 i) 2.49 0 2.489 41
200 2.327 5 2.32 5 2.29 m 2.29 4 2.30 50 2.297 T
111 2.212 20 2.269 10 2.18 44} 2.19 30 2.19 i} 2.188 22
210 2.044 in 2.179 30 2.04 20 2.05 12 2,05 50 2.054 g
211 1.708 100 1.703 100 1.688 100 1.69 100 1.69 100 1.687 50
220 1.649 40 1.643 30 1. 620 30 1. /2 30 1.62 in 1./24 la
non2 1.4%9 10 1.503 20 1. 481 20 1.487 20 1.48 60 1.480 8
310 1.472 10 1.473 20 1.450 20 1.451 20 1.45 60 1.453 &
3ol }1.3?? 70 | 1.368 60 | 1.353 80 | 1.357 30 { 1.3¢ 85 [ 1.360 16
112 1.35 0 1.347 T
£35SO I [PIIRI NI [P NI IR E I 1.30 20 1.305 1
202 | e - 1.262 5 1.242 10 1.247 4 1.24 30 1.243 3
A || cccccoa || eecccos || secceas || ccacmses || aasssos || cacmeco || commans || cooomes 1.20 20 1.200 1
321 1.184 10 1.181 10 1.16% 10 1.172 8 1.17 60 1.1700 4
400 1.164 10 1.162 3 146 10 1.149 4 I.15 50 1.1485 4
410 1,107 FEAT, NN | RS | ! | Pyt cdBtoos || ool || cooBSEs 111 20 1.1329 1
228 1,003 10 1.097 20 1.094 10 1.093 8 1.9 70 1.0933 4
S L | | | | e | P e 1.08 Al 1.0827 4
411 1.050 20 1.048 20 1.03% 1¢ 1.042 8 1.04 60 1.0424 5]
312 1.038 5 [N ISR (N [ I 1,04 60 1.0361 1
420 coccoca || cooos=c | cocccoc || cocccse || cococoo || soocoos || cecsmao ccoooos 1.03 60 1.0273 3
[ 5 R, (R (R R R R P e 0.970 30 SR | P
322
0,976 1 0.975 5 0,960 4 . 964 70 0. 9642 2
103 ]
402 L 920 10 912 T SR IR P 2 ik 70 L6071 3
510 .913 10 L8902 R U (}, 905 2 . 900 T L9007 3
213 897 40 f . R S .892 B | oo o . B892 5
431 L8773 f
132 } .884 50 | 0,882 T (N 877 4 | { . E
422
993 } .85l 10 .B52 5| coconas || cocnnns .B45 -/ S 8437 5
303 .837 K VI IR N [P B34 4 || amaaoas B290 5
521 826 50 0. 8260 IR (USRI (R RIS PRI (I [ 1% 8
432 | ememaon | ameeaas 79 T (NSO DS RIS ISP (RPN (SPINDUER SIS [
....................... . T48 3 JRURSURDRDRU [NSUSIDRURUR (ORISR ISP SRR (IR U [
jl |
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units,

are compared

with those of the NBS.

in the following table In

accordance with the NBS lattice con-
stant the density is 4.250 at 26°C. The in-

dices of refraction are very high; Schroder
B AL SO [204] measured them at 25°C as €,=2,8893 and
a @ wp=2.6124.
1942 | Schossberger [203)...__._._.___.. 4.598 [2.90 | e )
1946 | Frevel, Rinn, and Anderson [75)__ | 4.59 2,96 2,23, Titanium Dioxide (Anatase), T102 (Tetragonal}
eee-| United Steel . ... 4.5928 | 2.9582 o 5
1953 | Swanson and Tatge (26°C)_.._._.... 4.594 [2.958  EgdnEE oA die sl condls e
in table 1 has no X-ray data on it except a
TaBLE 24, Titenium dicxide (anatase!, Ti0,
192¢ 1934 1938 cooo 1953
Yegard Weiser and Hanawalc, Rinn, United Sceel Swanson and Tacge
Rl Milligan and Frevel
Cu, 1.5405 A Mo, 0.7093 A Mo, 0.7093 A |  ____________ Cu, 1.5405 A, 26%-27°C
d I 4 I d I 4 i 4 I
4 ) A A A '
101 3.58 100 3.50 100 . 58 100 3.5815 100 3.51 100
103 cemmecmmal| soccc=c || cocosooos]|] comsoec | ooscccccol| coaoea 2.430 10 2.435 q
004 2401 5] 2.38 50 2,38 24 2,377 50 2.379 22
Mz || e || cccccea || cocscoooo|| soccoos]|| coommnoos|] secsos 2.338 10 2.336 9
200 1.911 T 1. 887 B0 1.88 40 1.891 90 1. 891 33
105 1.717 30 1.494 60 1.70 28 1.699 T0 1.699 21
211 1.681 50 1.5658 6 1. 86 24 1. 665 70 1,665 19
213 | o] | mmemema o commeno|| cocoooooos mervmn Al 2 0 N 1.494 4
204 1.499 6t 1. 480 50 1.483 24 1,450 n 1.480 13
116 1.382 20 1.361 20 1.365 B 1.364 60 1.367 5
220 1.351 30 1,337 20 1.338 1.338 60 1.337 5
215 1.275 50 1,267 40 1.285 11 1.264 70 1.264 10
1310) 1 | R 1 PR RS, | O | S | ———— 1.250 20 1.250 3
5311 | OO O | 1,145 60 1.171 7
312 1.173 S0 1.163 30 1. 1466 h 1.1a0 10 1.1609 3
118 © | AR D | I L I S S | 1.056 10 1.0598 1
il R R e e || cocme L ) B L || cocdec e || cocmoeo 1.0509 50 1.4510 1
an 1,055 30 1.046 20 1,047 3 1.0428 50 1.01433 3
226 RPN DI I SIS (RSP Y 1.0174 50 1.0173 2
109 1.026 10 1.017 20 | | oo 1.0063 20 1.0045 2
] | PSSV | SISy pSp sy | syt | PSPy 0.9959 10 0.9964 1
316 0.961 20 0.953 10 0.952 2 o547 T0 9550 4
400 | | e oo b | e 9456 60 L9461 3
325 0,922 35 0,915 10 0,915 2 9186 10 9189 2
L | I e [ | | 9132 0 9135 1
213 0,902 S0 0,894 1 0. A94 . R [ 8960 3
228 | amceeeial| aeiaaa e || ceemem |l cecscamee || ceccccn || cemmooese || ccccmacs 8894 1
332 0. 883 50 0. 878 1) | S | R | (IS | P — 2794 %
kI K] 852 40 . 845 (L R || oocmnos || codeecess |fobcanans Rdad 2
327 | e e commemme || ocecoe || cosoosccs || cccscoe || cocoonoas || ceocaces 8311 1
415 0,832 40 1.826 0 v _._______ e e a268 3
309 814 20 .B08 | L1 S (U [ [ al0¢ 1
424 Bo0 S0 L7197 1 | S | | RS | —— 7990 3
.............................. L T42 10 US| O R (e R | | Sy S | S o
.............................. 703 2.0 | PR (S (U (S |,
______________________________ 669 10 2 cooooeoo || caacoos || socoossoos || sssoaess || csccsssccoos]| cocsoooss
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highly inaccurate value for the axial ratio,
in 1916. The

card is a composite from which only the pat-

determined by Vegard second
tern of Weiser and Milligan appears tn table
24, along with the patterns of the remaining
two cacds, a pattern by Vegard [234]) from the
literature, and a pattern made at the NBS.

The NBS pattern was prepared from mate-
rial supplied by the Research Laboratory of
the National Lead Company, South Amboy, N.J.,
Sample No. BP 559.
at the NBS showed no
0.001 percent.

The interplanar spacings of table 24 were

Spectrographic analysis

impurity greater than

all recalculated to angstroms from kX units
except those of Vegard, which were calculated
directly in angstroms from the Bragg angle
data given. All patterns agree that 101 is
the strongest line and 200 second strongest.
Three or four almost equally :intense lines,
third
strongest given in dJdifferent patterns; this
is listed as 004 in the NBS pattern. Two

very weak rutile lines appearing in the NBS

however, provide variation in the

X-tay diagram are omitted from the pattern
given in the table.

The space group of the tetragonal anatase
form of titanium dioxide is Di: {(I4/amd} ac-
cording te Huggins [98] and Vegard [233].
The
lattice constants ohbtained from the NES pat-

The unit cell contains four meolecules.

tern are compared in the table below with

those of other workers:

Unit cell, angstroms

a &
eeee | Unated Steel oo e eemo _13.783 | 9.509
1942 | Schossberger [203 ) . ___.._.. 3.784 | 9.505
1946 | Frevel, Rinn, and Andersen [75]..__. 3.76 |9.45
[ 1953 | Swanson and Tatge (26°-27°C)._.._... 3.783 | 6.51
. Il

The demsity, calculated from the NBS lat-
tice constant, 1s 3.89% at 26°-27°C. The in-
dices of refraction could not be obtained
from the NBS sample, which was too fimely

powdered.

233147 O - 53 - 4

2.24. Niclelous (xide {Bunsenite}, NiG (Cubic)

Three cards for nickelous oxide are in-
cluded in the X-ray diffraction file of the
ASTM table 1},
pattern but only a determination of the lat-
(ne of

the patterns is a compostte from four sources

(see One of them records no

tice constant {card number 3-1287).
of which one is unpublished and not

sented In table 25. The

the two cards, from four previously published

repre -
X-ray patterns of

sources, are compared in the table with those
Clark, Asbury,
Bravo [34], and Passerini

of three additional workers,
and Wick [49],
[182], that were obtained from the literature,
and with a pattern prepared at the NBS. An
electron difiraction pattern by Darbyshire
[55] is also included, for comparison,

The sample fram which the NBS pattern was
made was obtained from Johnson, Matthey & Co.,
Ltd. , numbered 3087.
the purity at 99.99 percent.

and was They estimated
This was car-
roborated by spectroscopic analysis at the
Bureau, which showed only faint traces of Mg,
51, and Ca.

The Leva and Tachinni, the Bravo, and the
Ksanda spacings {table 25} were calculated in
The

spacings of the remaining patterns were as-

angstrom units from Bragg angle data,

sumed given in kX units, and were converted
The 1lines 200, 111, and 220
second, and third strongest
the NBS and Darbyshire pat-
terns and would be chosen in this order in

to angstroms.
are the {irst,

index lines for

selecting index lines for the Hanawalt, Rinn,
and Frevel pattern, although 111 and 220 have
actually the same intensity. Converting the

intensity_ values of the Hanawalt, Rinn, and
Frevel pattern to their equivalents if copper
rather than molybdenum radiation had been

([1]

nal set of cards or card no.

used, page 108 of tndex covering origi-
vii of introduc-
tron te 1950 file), 111 becomes considerably
stronger than 220,

The lattice of nickelous oaxide is face-
centered cubic [A1]. It has a space group 0:

{Fm3m}, with four molecules to the unit cell.
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In 1948 BRooksby [194] showed that at 18°C
most of the diffraction lines are doublets or
triplets, and interpreted the structural sig-
nificance as a slight distortion of the gen-

erally accepted cubic lattice. He regards
the lattice as rhombohedral, a2=2,9518,
a=60"4,2" (for a face-centered cube referred
to a primitive rhombohedral lattice a=40°).

TapLe 25. Nickelous oxide, Ni0 fcubic)

1925 1525 1926 1929 1930
Levi and Tacchini Clark, Asbury, Brava Passerini Hendricks, Jefferson
hil and Wick and Shulez
Cu, 1.5405 A Ma, 0.7093 A 'Cu, 1.5405 A |  cmemmmmaaaal Fe and Cu
d I o d a d I o [ I a d I a
A 4 4 A 4 A 4 4 4 A
111 2.34 s 4,05 2.401 4,159 2.3 s 4,11 2.344 ms 4,06 2.411 | s 4,176
200 2.03 vz 4.06 2.083 4, 166 2.06 ¥5 4.12 2.044 ¥s 4,09 2. 087 ¥E 4. 174
220 1.450 s 4101 1. 480 4,186 1.470 | vs 4. 158 1. 459 vs 4.13 1.477 |vs | 4.178
311 1.243 ms 4,123 1.263 4.189 1. 255 mn 4.162 1.248 ¥e 4.14 1.259 n 4.176
222 1.191 4.126 1. 208 4, 1BS 1. 200 w 4,157 1.198 s 4,15 1.206 | m 4.178
400 1. 037 4.348 | b aooo. 1,037 | vw 4.148 1.040 ns F N 1 e | s
331 0.966 " 4,211 0.559 4. 180 0. %53 Yw 4.154 0.957 5 £ 111 || cocanes oo | cooeone
420 .930 s 4, 159 .933 4.173 930 s 4,159 . 932 vs Aol | coooooo 0o || aooooos
422 .852 % P S v " A [ . 850 va 4,164 | ccoeooo como || soooos || scoomoes N
511 . 805 vs LIS || cocooos || coomooe .Bo4 m 4,178 | oo ocoo || coooos ocooobs || oo || coooooo
440 | ceeao. coms || sommees || oocosos || cosooos | coosoos S R [P S ey O | —— S TR |
600  |-coooo- JRUIOR IR DRIPR DU [ S P S| PN pem— pa{ 7 Ay
620 | oo sooo || sasocoe || cssooos || coconas || cooooso RV (DU [SUR—, cooo || sosoos || cooeoc= el O X
Average unik cell for last
five lines-- o comoooaaoan 4.175 | eeceaa- 4.183 | oooo-- e | 4.161 | oeooo. e || ELID || mcmmns -~ | 4.176
1931 1931 1938 1953
Kaanda Darbyshire Hanawait, Rinn, Swanson and Tacge
and Frevel
hxl
Mo, 0.7093 A Electron Mo, 0.7093 A Co, 1.5405 A, 26°C
diffraction
d I @ d I a d I a d I [
4 4 4 A A 4 A 4
111 2.413 &0 4,179 2.39 20 4. 14 2. 40 &0 4.156 2.410 91 4.174
200 2,092 100 4,184 2.04 100 4.08 2.08 100 4.16 2.088 100 4.176
220 1.478 90 4,180 1.45 60 4,10 1.477 &0 4178 1.476 57 4.175
311 1. 260 70 4.179 1.22 20 4,05 1. 260 24 4.179 1.259 16 4.176
222 1.206 &0 4.178 1.18 20 4.09 1.205 12 4.174 1,206 13 4,178
400 1. 044 40 4,179 1,00 10 4.00 1.044 2 4,176 1. 0441 B 4,176
331 0.959%91 3 A, 18] e emieim | rmmamm 0,95% 4 4.180 0.58582 T 4,177
420 .9346 50 4.180 0.93 25 4,18 .935 [ 4.181 5338 21 4,176
422 L8529 20 4,174 .B4 20 4.12 .854 3 4.184 B527 15 4.177
511 L8041 10 4,178 J9 10 4.10 . BO4 2 4,178 . BO40 7 4.179
[:2 N PP, [ (S — o U 5 Gl || cmmmcos || cocmmas || ssoemo || 2occoessce | soccose || coosoos
G | osoooocs ||ememe | enanoae .69 5 i EDR | Seenten || cocsxeoo || cocacos || coomooooos Ytooo=os || ccssoea
1) Ty — .67 g A || cocomee || ccosees || soomcoo|| soossmmsos || cosomos || sssoses
Average unit cell for last
five limas. . . __.____ 4,170 |commeel | ememeae O I S R 4,180 oo oo 4.177
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The doubling of lines could not be detected on
the NBS chart., The NBS unit cell determina-

tion 1s compared below with other published
values:
thit cell, in gresiroms

1920 { Davey and Hoffman [ﬁl] _____________________ 4,20
1925 | Clark, Asbury, and Wick [49 1. ... 417
1925 | Brentane [35] _____________________________ 4.180
1926 [ Brave [34) e 4,152
1927 | Brentano and Dawsen [36 1. .. .. .. __ 4.1789
1930 | Hendricks, Jefferson, and Shulez [os]..... 4.174
1931 | Ksanea [124 3. . . __________ 4. 1708
1933 | Cairns and Qe (46 ] . ____ 4.1768
1934 | Preston (188 . _. 4.11
1936 | Smith [209 J. oo 4.19
1943 | Shirai f206 oo oo 117
1953 | Swanson and Tatge (26°CH - . 4.177

The density, calculated from the NBS val-
ue for the lattice censtant, is 6.806 at 26°C.
The index of refraction 1is very high; Ksanda
in 1931 [134] gave n , =2.73.

2.25. Cupric Oxide (Tenorite), Cul
(Monoelinic)

The ASTM file contains six cards for cu-
pric oxide (see table 1). One of these {num-
ber 2-1263)

and structure data.

contains only lattice constants
Of the cards containing
patterns, one {number 2-1037) is a composite
of data from four sources, only one of which
is in the literature. Two others contain
patterns by Tunell, Posnjak, and Ksanda, one
from molybdenum radiation, the other copper,
of which the lines were indexed on the basis
Those ASTM patterns
appearing in the literature are compared in
table 26 with two additional patterns, by
Waldo [242), and by Billiet and Vandendriesshe

[16], and with a pattern prepared at the NBS.

of single crystal data.

The Harcourt and Waldo data of card number
2-1037 were doubtless communicated to the
ASTM before publication elsewhere.

The sample used at the NBS was obtained
Matthey & Co., Ltd, aud was
Spectreographic analysis at

from Johknson,
numbered 3257.
the NBS showed only faint traces of iron and

magrnesium as impurities.

All the interplanar spacings of the pat-
terns 1n table 26 were converted from kX to
by

accompanied by a wavelength value of

angstrom units except the first one,
higgli,
1.541 for copper radiation. The indexing of
the lines in table 26 follows that worked ocut
by Tunell, Posnjak, and Ksanda in 1935, dif-
fering only where a line due to a group of
superimposed reflections 1s resolved in the
NBS pattern.

The three strongest or index lines are,
in all except the first pattern, the combined
111-002, 111-200, and 202 lines. The NBS
pattern records the three strongest lines as
111, 111, and 002.

be separated entirely in the NBS powder pat-

The 111 reflection cannot

tern, from the 002, nor can the intensity of
the 111 be measured without the influence of
the 200, showed the
total intensity of the 002, T1l doublet to be
about 85 percent of the 111, 200 doublet;
however, because 002 and 111 reflections are
closer to each other than are the 200 and 111,

Integrated measurements

their reinforced intensities are greater when
measured as peak height above hackground.?

In 1933 Tunell, Posnjak, and Ksanda [225]
assigned tenorite to the monoclinic system,
with the space group C§, (C2/c). There are
Converted
kX to angstrom units, the 1935 set of

data from Tunell, Posnjak, and Ksanda compare

four melecules to the unit cell,

from
thus with the NBS measurements:

thit cell, in agstroms

1935 | Tunell, Posnjak, and a b c }3
Hsanda [226] ... 4.662| 3.417[ 5.118 | 99°29°
1953 | Svanson and
Tatge (26°C) oo .. 4.684] 3,425} 5,129 | 99°28"

The density, based on the NBS
15 6.51 at 26°C.

lattice

constant,

? Peak height intensities are considered preferable in
the ASTM card file to integrated intensities because most
of those using the file for routine analyses measure peak

height or its equivalent.
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TaBLe 26. Cupric oxide, CuD) (monoclinie)

1922 1929 1935 1935 1935 1938 1538 1942 1953
Miggli Posnjak and Waldo Tunell, Tunel I, Hanawalt, Billist and Harcourt Swanson and
Tunell Posnjak, Posnjak, Rinn, and Tatge
Akl and Ksanda and Keanda Frevel Vandendrizssche
Ca, 1.5405 A Mo oo Mo, 0.7093 A | u, 1.5405 4 | Mo, 0.7093 A | u, L.5405 A |Cu, 1.5405 A | Cu, 1.5405 4,
26°C
N 4 i 2 I 2 : 87 L= 4 B 1 I d E I I
A —T 4 A A A A4 4 A A
L1082 76 b8 va ol et TN . JHiLE s —_ [ ] S 10 2.743 20} |M=-—--Li )52 2.75 pLule MEEEE Il o8 2,751 12
002 2,530 12
o }2.52 va |2.500| 100 | 2.54 | s | 2z.52 | o | z.s18 | 100 | 2.52 | 100 | 252 | w0 |2.49 | 100 {2_523 o
111 2.32% 94
L }2.31 s 2.324| 1o | 2,33 (= | 2.30 | 100 2.312 90 | 2.32 | 100 2.31 | 100 [2.32 | 100 {2'312 P
g (| S| | SR | SRR | R ol 4500 | Bood 1, 958 BIRRE- TSN (ST N RS SRS | (ESE, | P 1.959 |
3021 1.84 me | 1.868] €0 | 1.869 | m | 1.859] 40 1.856 60 | 1.85 20 1.861 ] &b |1.87 25 | 1.866 25
1z | 1.11 R | R S | T SR | Y | D | PR | F | PE— | | — ||| 1.7%8 2
020 | 1,68 | m-s | L7255 20 | 1.713| w | 1.705) 30 1.70T 20 | 1.0 8 1.706 | 20 | 1.71 6 | 1.714 8
1131 [ BRI (NP [ S P U5 T-2 H T ASRR IS) ISUSOO IR [N RSN U ISR IS R
2021 1,56 | s-vs |1.583) 30 | 1.581 |vs| L.579} 50 1.578 30 | L.st ] 1.5¢9 | 30 | 1.58 12 | 1.581 14
113) 1,50 | w-s | L1.506] 40 | 1.soafm [ L.501| 40 1. 503 so | 1.50 15 1.506 | 50 | 1.51 25 | 1.50% 20
[0:3/70 [P PN, [NV (P [ S N 1.414 10 | ccoean ] ceeee L. 414 1 O I, 1.418 12
;i; }1.40 wm [1.410] 60 | 1.413|w | L4vg] 7o 1.404 36 | 1.408] 20 1.dva | 30 | L4 15 | 1.410 15
| |
ifg }1.36 ms | 1379 S0 | 1373 | m | L373| 70 I 1.313 s0 | 1.370| 20 1.376 | 50 |1.378| 25 | L.27% 1%
311 | |
12 }1.30 v [L305| 10 | 1,305| £ | L2909 30 1.301 20 | 1,298 5 1.2908| 20 | 1.308 6 | 1.304 7
221 ' | ,
004 | | L.265 6
- }1.26 | s | 126 30 | 1.263| % | 1.259[ o 1.261 a0 | 1258 10 1.25 | 40 | 1.263| 25 {1_262 7
Fo4 | |
14 120 v-v | 1197 10 | .ooeo. | e o 1.190 T Torzd 6 | S || oo 1.1961 2
3 1 |
A }1.16 ™ 1.169 | 20 [ 1.165 | 20 }1.155 o || || S {1'1697 ¥
izi ‘ 1157 | £ 1158 | 20 1161 5 1-15:° ;
1 1. 1585
100 } ““““““ TR || ! lolza! 10 }l‘ 1201 RS-l {1. 1556 4
;;’2 }1.12 el 10 24 N ) L0l o nall S s el e (TSR il [ e [ s L1233 2
131 | .09 m 1,094 (8 ToR|___ 3 | rost| 10 l 1.088 20 | 1.088 3 1.085| 10 |1.092| 13 | 1.091s 6
YT Il S 1) Ta075 48 S04 SESEETE e | 5 1.072 5 || oot S N T e g e e || 0T 2
204 | 1.04 L | |G L — | L040 5 1.038 100 |12 DS TS I CESO | S . SRS L0304 | <1
pa | 019 1.0 20 1.0178| 3
o } ........................... B[ 1 00 5 016 il R v | . .
{313 [TL.01 | wm f1.004| 20 | -- | 1.006 5 1.00§ 20 | 1.009 Al ([ FEEZZSE0 S b ST S 1.0074 |
402 | | 0. 950 5 0.9921| <1
1
i&;z |}D.981 o 0.981] 20 { coeee- .| oeto| 2o {} i - ]0.980 3 0.977 | 20 |0.980 | 13 { i a
FPI N e | (LR | AN W JEs . 968 NI | | SR I || RS | | R |
az0 | 0.958 | m  |0.957| Mo | .oeooo. --| 0.9 5 . 956 1ol [FESSTRLY | 0.957 | 10 3
I3z | | Ty || BT R . [ S <1
e 940 - GER | Ty [ | B | R
g2 .} e eI { 938 | 20 0.940 | 10 1
roor [ et 1 ST | OO [ N ‘ i (1 .931 R I T o T e 2
s | ' 0.923| 5 918 | 120 J 0.921| 20 2
bl ittt willias ¥ T S,
13z VRS SEpe SRR W L D0 | ...... | . 908 I s (I R bR | SR LR . 9100 2
EATY (RO O TR | R | LS } 907 5 .o02 8 |eoennn | ___________________________ 9039 1
315 | | |
331 }0.&90 ______ B | O | | .es7| 20 L 887 40 | 0.887 3 0,885 | 36 |0.889 6 .8871 [
224 '
LSRR Lasolll m-s BRoC_ Ll LS8 ] S S 85T 301 | T [ 957 | 30 | .85% 4 8576 3
0 | R | || TN (| S AT Y T | R [ SR | et f ............ | .B557 5
| | s [ | BAET 5
1 UBLER| IRLSE B A | SO | | B || ) | LR SRl T 0,844 20 p.B43 ¢ 20 8 - q412 3
R 3 COACE Sl 0§ S RINE TR T o5 (Fe ], RS ff SR 838 | 20 X)L | S (| MR .8383 4
C o) (R S || Rl Y T | SR S T || oo 319 10 BTN IS U [P [NORSPO (PRI [
L .. TR (] TS SR N | M- 812 A ||2coose || cmcom || commeoe [|oaae SOV | P | — —
R PUUUR DRI PRSI SPSUUIY | R S | SO | P U | | p— 0,803 | 10 [ aoeon focann fommeoon | enes
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2.26. Germanium Dioxide, 'GEO2 {llexagonal )

The two patterns for germanium dioxide
file of the ASTM
(see table 1} are compared in table 27 with a

an the X-ray diffraction
pattern prepated at the NBS. The sample for
obtained from Johnson,
and was labelled number
The only impurity indicated in their

the NBS pattern was
Matthey & Co., Ltd,
3662.
spectrographic analysis was a faint trace of
calcium.

In table 27 the

all patterns are given in angstrom units.

interplanar spacings of

TaBLe 27. Germonium dtoxide, GeG, fhexagonal)
1928 1938 1953 1853
Zachariasen! Hanawalt, | Swanson and Swanson and
Rinn, and Tatge Tatge
Rkl Freval kBl
Fe, 1.9360 A | Mo, 0.7093 A Cu, 1.5405 A Cu, 1.5405A
28°C 26" C

a I i I d I a r

# 4 I Fi
100 | 4.33 20 [ 4.32 n 4.32 21 no5 | 1.1208] 1
101 13.431 | 100 | 3.42 100 3.429 1100|312 | 1.1026| 2
110 | 2,486 | 15 [ 2.49 14 | 2.496 | 11{1 105 | 1.0933] 2
02 [ 2.362 | 40 ]2.35 25| 2.366 | 22| 214 | 1.0£B3] 3
1111]2.278 15| 2.28 16 | 2.283 | 13(l 401 | 1.0605] 2
200 1 2.15%| 40| 2.15 20 2, 15% 1841 223 | 1,0397] 2
201 | z2.014 5]2.00 2 2.018 200 115§ 1,0207] 2
003 | 1.879 15 . —— 1.884 8| 402
112 | 1.868 | 30 |1.87 | 25| 1.870 | 131 304 }1 0084] 4
103 | 1,727 15§ --—-- - 1.726 41321 |0.9789| 2
202 | 1.717 ] 15 |1.71 12 | 1.716 T 006 .9419] 1
210 (1. 634 | 1o |1.82 1.633 3| 322 .9352] 1
211 | 1,564 | &0 |1.56 25 1.568 13 224 .49345] 3
112 | 1,500 | 20 |1.498 8 1.303 51 411 L9294 3
203 11.420 30 |1.448 40 1.420 | 11| 412 | .B943|<1
212 | 1.413 1 30 |1.413 25 1.414 13 || 205 L8894 | <1
301 | 1.394 | 30 | 1.389 B 1.3%95 71 403 L8814 (<1
104 | 1.341 7 30 |1.342 10| 1.343 5] 500 | -BAIG|C]
cee | ceeen --= |1.204 2 - —— || 4ng | .B5STS( 1
3n2 | 1.281 | 25 |1.27% 10 1.283 4 |t 501 L8541 1<1
220 | 1.246 5 |1.258 2 1.24% 1]l 3301 .8315| 1
213 1.234 4|l 231] .8223| 1
114 }1-23" SR {1.231 4 |[ 420 .8162{ 1
221 V12180 20 |_..._ ee-| 1.218 2 || 324 LB112¢ 2
3 {1,196 40 oL o cemay 11976 4 || 421 | .8O7EG 1
204 | 1,182 5 |o-ao- cooe|| cecoas - coo |l comoan i
311 f1.172| 1o |- ---_- 1.1720 1 S| R |G __
I }1, TR T | raee] uf )
222

One line of the lHanawalt, Rinn and frevel pat-
tern 1s extraneous to the postulated struc-
it could not be indexed.

ture; The 1ntensity

measurements of the first lines of the three
patterns are closely comparable. For all pat-
terns the first, second, and third strongest
lines are the 101, 100, and 110, respectively

The lattice of germanium dioxide 1s hex-
agonal and was determined by Zachariasen [260]
as D‘; {C3,2), isamorphous with low quartz.
There are three maolecules in the unit cell.
The new file card for the Hanawalt, Hinn, and
Frevel pattern 1s unfortunately mislabelled
"Tetragonal." From table 27 the pattern is
plainly identical to the hexagonal patterns
NBS. The published

pattern [85] 1s unaccompanied by symmetry

of Zachariasen and the

classification. Converted to angstrom units,
the Zachariasen measurements compare thus

with those of the NBS pattern:

nit cell, anostrons

&) [+
1928 | Zachariasen [260] | 4.982 | s5.659
1953 | Swanson and Tatge (26°C)__..____. 4.987 | 5.652

The density, using the KBS unit cell di-
is 4,280,
fine-grained, which made optical examination
difticule.
weak; the average index of refraction is

n=1.61.

mensions, The material was very

The double refraction is very

2.27. Arsenic Trioxide, As 0,(Cubic)
The ASTM file of diffraction patterns in-

cludes five cards for arsenic trioxide (see
table 1}; one of these (number 3-1234) does
not bear a pattern, but records only a lattice
constant and a space group determination. OGCf
the remaining four, two are for synthetic com-
pounds, and two for naturally occurring min-
erals. One of the latter (2-0530) represents
the monoclinic form claudetite, the other
(2-0531), like the two artificial forms, rep-
resents cubic arsenolite. The natural arsen-
olite 15 from Bieber, Hesse, Germany (mis-

spelled "Hasse"” on the new file card}, The
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TaBLE 28. Arsentec trioxide, Aszl"l3 feubic)
1928 1931 1934 1938 1953
Passerini Lihl Mikheev and Hanawalt, Rinn, Swanson end Tatge
Rkl Dubinina and Frevel
Cu, 1.5405 A Fe, 1.93s0 A Fe, 1,960 A Mo, 0.7093 A Cu, 1.5405, 26°C
a | & ||l e a I a d S d I @ d I a
4 A 4 4 A 4 4 A A A 4
111 5.975 | 6.39 w 40 | 10,34 | mcames U [PV U 6.3 56 10.9 6.39 63 11.07
220 3,754 | 3.92 ms TO| 10,60 | mmmman oon || cccoe || cocas ooo | feacem || ccoce || cooee aee-- | 3,92 <1 |11.09
222 3.111 | 3.20 5 80| 10.78 | 3.191 a 11.05% 3.195 | 100 | 11,07 | 3.19 100 11.1 3.1%5 100 11.07
................ o | LN R ooy || comoes || con || commee || EB0SEEN | HON P ad588 | oadtl || Bbccs || coooo || conece || oocae || acazes
400 2,725 | 2.77 m 60 ] 10.88 | 2.7654 ] 11.06 | 2.764 | 60| 11.06 | 2.75 24 11.0 | 2.768 28 11.07
33 2.500 | 2. 54 I 60 | 10.92 | 2.535 5 11.05 | 2.539 ) 90| 11.07 |2.54 32 11.1 2,541 34 11.08
...... 2,332 § 2.36 yw AP Ec=En | ootmse [ cooul| cooooed | coshin f| oo |Fatattl| loocto | doooa || cocos || oosses || oesos || cosss
422 2,035 [2.26 | vw 20 | 10.93 { 2.257 » {11.10 |2.255| 50| 11.05[|2.24 8 |11.1 |2.262 12 j11.08
511 2.112 | 2.13 w 30 | 10.97 | 2.126 11.05 | 2.127 t &0 | 11,05 |2.12 14 11.0 |2.132 17 11.08
440 1.937 | .96 ma 70| 10.96 1.971 a8 11.15 1.955 90 | 11.06 | 1.95 24 1.0 1.958 27 11.08
531 | oo | e e || oo | comoe || coooos TP IS . 1.875 ] 40| 1L, 09 | occc | ceem | oo 1.873 11.08
442 1.837 1 1.85 mw 500F11.02) ... (Y| 1.841 7% 507 11.05) ____ 'V _.__. —---- 1 1.846 5 1'11.08
................ S TEES [PEEEae | aoSB || Vieee 3| ooanao| || B8 G LOE PRI o S| i 28 o oty || oo ||l poomadd | cccon | lkecoas
622 1.661 | 1.67 ms T0 | 11.00 | 1.666 s | 11.05 [1.668 | %0| 11.06 | 1.66 16 | 11.0 | 1.670 21 | 11.08
| 444 1.58% | 1,60 mw 50 [ 11,00 | oo G ||| Se Bt 1.5%a 60 [ 11.06 | 1,59 8 11.0 1. 599 10 11.08
711 1.541 | 1.55 ns T0 [ 11,01 | 1.547 el | LT 005 1.550¢ | 90| 11.07 | 1.54 16 11.0 1.551 22 11,08
| 642 | oo cmacae I | T | P s el | T Y 1. 480 40|11 508 [|§ 2= SSLAe 55 s TR 8 1. 480 B 11.08
731 1.434 | 1.44 ms TO§ 11,02 1.439 s 11.05 1.442 G0 [ 11,08 | 1.441 8 11.07 | 1.442 12 11.0%
LRSS || | [ U | G| [T R TR ) | O 1.383 10{121-06 || == - =1 25 3L S22 8 1_385 3 11.08
TR et LR (R (|, 1. 350 g L. 05 HINY 353 10 YL 0T (- - - S 2| =2 1.353 10 | 11,07
644 1.342 | 1.342 | ms TON L0509 S8 Z2 2 e | eedtes || ool P (| | 1, 346 8 |11.10 | 1.343 1 | 11.07
B22 1.300 | 1.300 | = 40 | 11.04 | 1,302 w 11.04 1, 305 80 | 11.07 | 1.305 B8 11.04 | 1.305 5 11.07
Tl | cocoo )| sooon ooo | oo || cooos 1.278 w | 11.07 1277 (1 &0[[11. 06 h--- - o -3 I 1.278 3 | 1L.07
662 1.269 | 1,269 | w 40 | 1106 .o [ | [ 1.270 50 | 11.07 | 1.269 8 11,06 | 1.271 1 11.08
EEUOR ||| SR | (S oo | ooa || eomes || cetaen oo | Goson 12380 |5 40/111,07 (['2= - cfirE=— - S - 2= 3 1,238 2 | 11.07
011 gREEs. e D n ¥ e Wl &K L S 1.213) |6t/ 1- 05 - -2 § £ 2 HipE oL 8 1.216 5 |11.08
842 1.206 | 1.206 | ms 70 | 11.06 | 1.2065 11,058 | 1,208 | 60 | 11,07 | 1,207 8 | 11,06 | 1.208 6 11.07
664 T Alfe—-- cool | eos || acoes 1.1781 v 1R 05 2[RI 0 soe || omece ||| 2oacd || cooosl || casaa 1.1812 1 11.081
6931 1.161 | L.161 | w 40 111,08 1.1592 11.055 | 1.161 SRR || SRR [ | | | 1.1510 3 | 11,075
2 e ety | ) e | Tl 4 A_RIRE L1 83l |1 25{ M a0 No 7 (PISTRLAETEE SEH SR 1.1132 2 | 11.076
...... 1.108 | 1.108 | vvw )11 | RO || ¢ UL | O M | | R | | N (IO Y SO || || LR L S 1 R
[10-2°0) ... LW | L R | SRR ) (S 1086 4% 3f K1 oall PSSR Kl TR 1.085 | 1 | 11.074
951 1.068 | 1.068 | »vs | 100 [ 11,054 1.0685| s | 11.053 | 1.070 | 100 | 11.07 | 1.066 § | 11.03 | 1.0706 6 | 11.074
| 864 | 1.030 | 1.030 | ww 20 111.10 ] 1.0266 | w | 11,057 | 1.029 | 25| 11.08 | s | oo | acnmn 1.0294 2 11.087
102 (SR || R | | S . A e S 1 | | R N (RS 1.0117 | <1 |11.083
_Il_l'l‘lI ...... Mty 2 Com] | Ty (R 0.9970 | m tll 05T | cean o AL TR o Ril C0 O Raegisie WL N 0,996 2 11.064
IR ] | b | e ] | S S | (RSN | IR S RS £ P R 9676 4 | 11.075
10°4°4 | 0,965 | 0.965 ] vs | 100 | 11.08] .___._ L Bl . |8 B (R | e | e 9643 2 |11.079
1060 | .950 | .950 | vw 20 1 1107 | cceea LN | T E 1] NS IRl [ S| | L 9496 1 | 11.074
1133 1 937 937 | vw 20 11.08 | oceas £ O | | S RS i alt s i DR g e B 1f) S S 9392 2 | 11.073
11-5°1 L915 | 915 |wyw | 10 | 11,09} .. _ e | someas | ot cme || somcs | coscs ||| scmed || | lsesco 9135 1 | 11.075
jisnend gog | 898 | = 80| 11.08) oo L | S | iy | VL | el S TYie T ol ¥ 11.073
12472 .E65 .Bo5 | ms 7 RIS (1 EF) e e ] i g A g | R | g | TN 8648 2 11.074
15" Ll .Hag 846 | ms (18 | TV B I | g || aook s s Al s s || mma s || Aose || Boose || seeno . Bias &) 11.075
PR || semes || posmen s | ooa || dotde || sotdco oo || Ateses || sadas boo §| Besss || sosso || secse || seses LB2TL 3 | 119075
P ([ o || s s || cod || sedae || Soeses =25 || 2ommme || sesis ey [ e || Pt | s (| pemas 8098 2 11.074
Average unit cell for
last five lines_.o_ . . ______ 1L0B | ceaaas PR I B 11 (R ool | IR || conos || coass 1107 | ccacae | ceeee 11,074
? Publ i shed. bon ASTM card; first fourteen lines recalculated (converted to angstroms). “Publ ished. 90n ASTM

card.
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claudetite pattern 1s of little value to the
file

and 1t contains a large number of arsenolite

inasmuch as its locality 1s not given

lines. The reference "HI" appearing on the
ASTM card for the two patterns of naturally
occurring minerals indicates a compilation of
Boldyrev [19]
lished source [153] of the patterns.
table 28 the natural

listed along with the remaining two ASTM

which gives the original pub-
In
arsenolite pattern is
patterns, a fourth from the literature, Lihle
[140], and one by the NBS.

The NBS pattern was made from a sample
obtained from the Mallinckrodt Chemical Werks,
and numbered 906487
indicated the following impurities
in amouncs of 0.00]1 to 0.0l percent: Ca, Fe,
Mg, Pb, Sb, and 5i.
tallized by sublimation before using.

Their spectrographic

analysis
The material was recrys-

The Passerini and Lihl spar.:ings were cal-
table 28
lished Bragg angle data;
Dubinina, and the Ranawalt, Binpn, and Frevel
spacings were converted from kX units. On
the ASTM card the first fourteen spacings

in angstroms from pub-
the Mikheev and

culated for

of the Passerini pattern are not those origi-
nally published, but were recalculated on the
basis of a lattice constant determined from
the last or high angle lines of the pattern.
The original intensity measurements were con-
verted to numerical designations for the
ASTM card. Both the published and the ASTM
patterns are given in table 28. The Passerini
pattern and that of Mikheev and Dubinina both
include lines not permitted by the postulated
The values of the
Hanawalt, Rinn, and Frevel and the NBS pat-
fairly closely, Both show 222,
111, and 331 as the first, second, and third

0] space group. 1ntensity

terns agree

strongest lines.

Arsenic trioxide was determined by Bozorth
in 1923 [24] as having the diamond structure
on the basis of line spectra from 10D, 110,
Eight As O,

in a unit

and 111, and Laue photographs.

units are tetrahedrally arranged

cell having the space group O (Fd3m}. Two
recent neasurements of the lattice constant
are compared below with that of the NBS. All

are 1in angstroms at 25°C, converted by means

of the coefficient of expansion 37.0 x 10°°
(217].

Umit cell n angstrom af 25°C

1936 | Straumanis and Tevips [216] 11,0724

1939 § Straumenis, Ie\f:i];l:;, and Karlszons [217].- 11.07441

1953 | Swanson and Tatge- -~ oo 11.074
The density, based on the NBS lattice

constant, 15 3.8654 at 25°C., The index of
refraction determined for the NBS sample is
n=1.748.

2.28. Seleninm Dioxide, SeD, {(Teiragonal)

No patterns were found for selenium di-
oxide (selenolite) in the ASTM file or in
the literature. The ohe given in table 29
was prepared at the NBS from specially puri-
fied material supplied by the Mallinckredt
Chemical Works. Spectrographic analysis at
the NBS showed no impurities greater than
0.001 percent. The material is very hygro-
scopic and, although the sample was mixed
with petrolatum, a few weak lines from the
monohydrate appeared in the diagram which
were omitted from the pattern in table 29,

The lines of the pattern are indexed in
accordance with the structure and unit-cell
dimensiens determined by McCullough [145] in
1937.
have been described as monoclinic (Waitkins
and Clark (241]), the NBS pattern agrees
with the structure determination of McCul-
McCul -
lough gives the probable space group as Di:
{P4/mbec), or C:' (Cach)}, with eight molecules

in the unit cell.

Although crystals of Se0, generally

lough, showing a tetragonal structure.

The lattice constants de-
rived by McCullough, which were used by Fre-
vel, Rinn, and Anderson (75] in 1946, com-
pare with the NBS determinations as follows,

after conversion to angstrom units:

thit cell, 1n angstroms

a =
1937 | MeCullough [145) oo oo 8.370 | 5.061
1951 | Swanson and Tatge {26°C)_____________ 8.35 |5.08
53
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The density i1s 4.16 at 26°C, based on the
NBS lattice constant.
too unstable for a determination of the in-

The material proved

dices of refraction.

TaeLE 29. Selenium droxide, Sed, (tetrugonal)
1951 1951
. Swanson and Tatge hl Swanzon and Tatge
Cu, 1.5405 &, 26°C Ca, 1.5405 A, 26°C
d I 4 I
4 A

110 5.92 13 jz2 1.711 25
200 4.17 a5 500 1.673 9
210 3.73 100 510 1.640 g
201 3,227 11 431 1.588 3
211 3.009 B8 511 1.559 14
20 2.998 38 3az 1.556 1n
30n 2.78¢9 2 213 1.538 4
310 2. 640 14 422 1.503 3
002 2.533 2 440 1.478 4
in 2.343 3 530 1.437 4
112 2.320 15 313 1.421 5
202 2.252 14 432 1.394 8
3zl 2.105 [} 512 1.379 20
400 2,090 14 522 } 1.394 9
330 1.973 10 620

401 1.633 17 540 1,305 4
411 1. 8495 14 413 1.292 3
420 1.871 14 621 1.278 12
312 1.831 17 0G4 1.264 15
421 1.755 13 612 1.209 13

2.29. Stannic Oxide, Sn0, (Tetragonal)

In addition to the seven patterns for
stannic oxide (cassiterite) appearing on ASTM
cards {see table 1), an eighth was found in
the literature, Natta and Passerini [158].
These are compared with an NBS pattern for
which a sample of tin oxide was obtained from
Johnson, Matthey & Co., Ltd; the sample was

54
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numbered 2763.

graphic examination which accompanied the

The report on the spectro-

sample shows no lines for impurities stronger
than faintly visible.

The interplanar spacings recorded in
table 30 were all converted to angstrom units
except those of the United Steel Companies
pattern, which were evidently calculated in
angstroms originally, and of the Natta and
Passerini pattern, which were calculated di-
rectly in angstroms from the sine & data pub-
lished.

Several patterns list the 211 as the
strongest liné, or at least equal in strength
to the 110 and 101. The Hanawalt, Rinn, and
Frevel, and the NBS patterns show the 110
strongest. In listing the first, second, and
third strongest lines, four of the eight pat-
terns, including those of Hanawalt, Rinn, and
Frevel, and the NBS, would record them in the
110, 101, 211.

Vegard [232] in 1916 recorded the space
group determination of Di: for tetragonal

following order:

stannic oxide. There are two molecules in

the unit cell. The lattice constants derived
from the NBS pattern compare as follows with

earlier determinations:

Uit cell, 1n angstroms

z ¢
1924 [ Davey [58] . ... co-- |4.728 | 3167
1532 | Bragg and Darbyshire [33]...__.__. 4.73 i.18
~e-- {United Steel ... __________________ 4,7355 | 3. 1850
1953 | Swanson and Tatge (269C)___________ 4.738 {3.188

The density caiculated from the NBS di-
mensions of the unit cell is 6.995.



TaBLE 30. Stannic oxide SnC, (tetragonal)

1926 1932 1938 1938 1942 S scoo I 1953
Matta and Waiser and Boldyrev Hanawalt, Harcourt Harcoure; British Uniced Steel | Swanson and

Passarini Milligan Binn, and Roldyrewv Museum Tatge

hil Frevel

Fe, 1.9360 A ] Mo, 0.7093 A | Mo, 0.T093A| Mo, 0.7093A | Cu, 1.5405A | Mo, 0.7093 A| Cu, 1. 5405A| Co, 1.7902%A |Cu, 1.54054A,

26°C

d I fil I d I a 1 fid 1 d I d I 4 1 4 1
4 A 4 A A A A A A
110 | 3.27 mw 3. 41 100 | 3,337 50 | 3.35 100 | 3.33 1004 | 3.34 i) 3.31 80| 3.3s a0 3. 351 100
coo || cooeo csoo || ocomoo R (N mmma | mmmmn | mman | aemam sooo || cosas | cooo 2.92 2| coces || ccoos || asoman coo
11| 2.606 s 2.6B 00| 2,636 0 | 2,85 A3 | 2.63 I | 2.64 B0 2.63 a0 | 2.85 a0 2.644 #1
200 | a-ama cooo 2.35 50 | 2,387 40 [ 2,36 18 | 2.35 33 ] 2.36 it 2.35 60 | 2, 37 0 . 369 24
111 | ----- AL | ey || oo e || ———- | 2,28 & | 2.28 W | oo -] 2.3 20 2. 309 5
200 | oo S — S | [— - — ——- 2.1 51211 20 1.95 50 | comme | e 2. 120 2
2111 1.754 | ws L77 | 100 ) L.764 | 100 [ 1.75 63 | L75 100 | 1,75 | 100 1.75 | 100 | 1.76 100 | 1.765 63
220 ceee- [ -—- | LL6T75 70 | 1.67 10 | 1.668 33 | 1.67 0 1.67 60 | 1.67 &0 1.675 63
002 | L583] mw | cu---- --= | 1. 590 20| 1.58 5 | 1.58 17 | 1.58 50 1. 59 501 1.59 50 1. 593 8
soo || ooaso R ~-=| 1. 529 | L3N [ coos | eeooe || cces || 2ooee Seoo 1. 57 40 | memee } mmmee | mmmmmm I o0
A0 1491 cmem | mamaa- --= | 1504 B0 | 1.495 16 | 1,49 331 1.49 0 1. 50 60| 1.5 & 1. 438 13
112§ 1.430 5 1. 43 70| 1.43R 70 | 1.438 10 | 1.43 33 | 1.43 k()] 1. 44 60| 1.44 &0 1. 439 17
301 1. 409 5| coooos --=1 1. 413 T0 | 1. 415 15 | 1. 408 331 1411 70 1. 41 60| 1.41 &0 1. 415 15:
o [ oo (| oot R [N oo || comoo N [ ———— 1.35 A o || seammo | ooo |
202 | - e——e | L 32 200 1.3237 40| 1.318 6 | 1.318 17 | 1.321] S0 1. 32 0] 1.32 5 | 1.322 7
321| L211| ws 1. 21 70| 1.216) B0 | 1.215 10 |1.211 33| 1.213| &0 1.22 70| 1.21 60 { 1.215 11
| i |
| |
400 e coos || Soclts ---| 1185 30 | 1,182 2 | 1.181 B | 1183 40 | 2| L 18 40 | 1.184 | 3|
282| 1.1%0 5 1. 16 20 | 1,155 70| 1,152 6 | 1,151 17 | 1.153 &l 1. 156 60' 1. 15 &0 1. 155 a
oo | N S | ¥ R —— (1) A Lo || S —---| 1. 141 k1 T o I oo | | camoa || | aocsen e
330 1114 ms | --o--- --- | L. 118 &0 1. 112 3 11.113 17 | 1,115 60 | L 12 &0 | 1,12 | 50 1. 117 3
312( 1.087 s 1. 10 &0 | 1.092 70 | 1.087 B | 1.088 33 | 1.0%0 20 1.0¢ a0 | L09 60 1.092 4
411| 1.078 s flaeaa ---| 1,081 100 AR A 1 i 33| L0719 ag 1.08 At | 1.08 &0 1.0B1 | &8
420 | LOSB| ms | —ce--- e | 1060 70 | 1.059 31 05?| 17 | 1.05% | 70 1.0s | 50| 1.06 5t | 1059 )
- 1.049 mw 1.05 ll]‘ ..... LS i ST AR | 1S, ——--| LO47 70 1.05 Gl SOt U S | R B G =0
|
.I().':‘tI LO35| ms | --ea-as ---| 1037 40 | 1,037 w1 (e 17 | L.035| 30 1.04 40 | 1.04 50 | 1436 4
o] | S cene ‘ ______ e | | LA L )| S U] [T — e [ ot acme || RIS | R B e b3
02| ..o cooc || oooooe Lo | ¥ aooer mae- | 0,950 8 | 0,947 SO0 |t o7 el s RO _ - --- | ©.951| &% | 0.9505 2
LYY | QRN R | R 5 | & S| L .931 | 1 . 928 17 928: ORI S . s L9351 70 9291 3
| |
B | oo e ‘ ...... oo || aooa e [ bcsoe SR (1P SREE [ E T (| S AT R | S s 916 | I 143 !
CaliV | I | p LS. e R e | G907 4 907 33 L7 ) | Bosaed s QW a0 S0ng 1 ]
£l | (] | R | | GO el e il B2 4 L8A1 50 .B81 BOR || ST Lol ool | | s .8R19 7
k]| | S | o e (IR ([} See v S L[| e pald | 6
| |
| | |
|| feaee 1 st | A REREY aee- L 0.847 2 10,848 50 [ 0.84B) 80 | ____._ b I oo ] (B4BO | 6
440 aaaaa come | ceeooo coo || g (O J - .38 17| —---- SJEE | I I coo || ootk i |4 8um., B375 1
3231 oa-- cooo || coooas oo || cooeo coeo || sooos coco LB26 33 - e | e coo || 2ooos || ooaos Bl 1 4
S| ameam O R 5 . - --ea| .813 B e FURIDR [ oo || coooo |- 2125 2
441 .- S e __ S il | o BT 33| ----- P . N RN (S S
512 o -- g N & N s | C SR | S S | U eos || eoomo || coaoo 0. B026 )
" Weighted Hox,

55

59



2.30. Ceric Oxide, CeD, (Cubic)

Two patterns for ceric oxide in the ASTM
file (see table 1) are compared in table 31
with a pattern prepared at the NBS. The sam-
ple used, of unknown origin, was obtained
from the NBS spectrographi¢ laboratory, and
was labeled number 41-9100. Tt is approxi-
mately 99.99 percent pure, showing only spec-
trographic traces of praseodymium and copper.

The three patterns are compared in table
31. The spacings of the Hanawalt, Rinn, and
Frevel pattern were converted from kX units
The
rived directly in angstroms from the Bragg
angles published. As shown in tshble 31 by
comparing the unit cell

to angstroms. Passerini

pattern was de-

values in column a,

the first six spacings are not in very good

agreement with the last four. For this rea-
son they had beea replaced on the ASTM card
with values calculated from the smaller ia-
terplanar spacings in the last three lines of
column d.

The intensity wmeasurements by Passerini
were published as visual estimates which were
given numerical values for the ASTM card.
The first, second, and third strongest lines
are 111, 220, and 311, respectively.

Ceric oxide has the fluorite structure, a
face-centered cubic lattice, space group O:
(Fm3m), and four molecules to the uait cell
(80].
cell have been made but temperature data have
McCullough
Assuming that the other

Several determinations of the unit

not been published with them.
used angstrom units.

TABLE 31, Ceric oxide, CeO2 {cubic)
1930 1938 1953
Paszerini Hanawalt, Ainn, and Frevel Swanson and Tatge
hEL
Fe, 1.9350 A Mo, 0.7093 A Cu, 1.5405 A, 26°C
4 I a d F a 4 ] e
A A A A A A
111 3.083 T0 5.340 3.12 100 5. 40 3.124 100 5.411
200 2,578 40 5.356 2.70 25 5.40 2,706 25 5,412
220 1. 907 100 5.394 1.90 a0 5.37 1.913 51 5.411
3l 1. 827 100 5.396 1.62 60 5.37 1.632 44 5.413
222 1.559 50 5. 401 1.55 10 5.37 1. 562 5 5.411
400 1.350 40 5.400 1.350 10 5. 400 1.353 5 5.412
331 1.242 B 5.414 1.23% 25 5.401 1.241 15 5.409
420 1.212 20 5.420 1.209 16 5. 407 1.210 6 5.411
422 1.107 100 5.423 1.103 20 5,404 1. 1044 12 5.4104
511 1. 044 100 5.425 1.03¢ 18 5.399 1.0412 9 5.4102
¥ O ) 0,956 4 5.408 0. 9565 5 5.4108
% N RPNy [SORYR R [SVS S 914 14 5.407 9145 13 5 4108
BOD | ccmcmecemen | cmmme ot L9011 2 5,406 L9018 T 5.4108
@D |[ooosoosooas || ooocoooos .B55 [ 5.407 B556 7 5.4113
53 | | P | S S | SO | P 8251 6 5.4105
52/ | P S | 0.818 2 5.426 B158 5 5.4114
Tl || ccoooocooee || sossscess || comomotomos 758 4 5,413 | e | e e eee [ mmrtmmnan
#¥ || ceeeccoomts || cososooes [|oosossssees .723 4 1 e | [P
Tl || coomoestnos || aoBtttcce | coescosoncs L704 2 Eliff | ceocootmetios || cosoosaoo || socoosmo=csa
Average unit ce}l for last
five lines. ... __________. 5. 418 L= 9.1 : S N [ 5, 4110
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workers used kX units, the following table

makes a comparison of their values with the

NBS determination, 1n angstroms:

it cell, angstroms

1923
1925
15930
1939
1950
1953

Goldschmidt and Thomassen [80)
Geldschmidt, Ulrich, and Barth [81] .......
Passerini [183]
Zintl and Croatto [262)
MeCullough [145]
Swanson and Tatge {26°C)

5,42
3.413
5.426
5.407
5,411
5. 4110

The density calculated from the NBS lat-
tice constant is 7.215 at 26°C.

2.31. Thorium (xide, Tth {Cubic)

Twe patterns

for thorium oxide (thoria-
nite) from the ASTM file (see table 1) are

supplemented by three from the literature,

Van Arkel [229], Levi and Reina [138]), and
Burgers and Van Liempt [45], and compared in
table 32 with a pattern recently prepared at
the NBS. The NBS pattern was made by the
use of material obtained from the Lindsay
Light and Chemical Company of West Chicago,
who stated a purity of 99.99 percent.
Interplanar spacings for the first three
patterns of table 32 were obtained directly
in apngstrom units from the published PBragg
angle data. At the time the Passerini pat-
tern was transferred to the ASTM card only
the last four of the interplanar spacings
were copied from his data; the first six were
the basis of the unit cell
In table

instead of

recalculated on
derived from the remaining lines.
32 the original values are given
the ASTM values for all lines, after con-

TapLe 32. Thorium oride, ThQ, fcubic)
1924 1927 1930 1330 1938 1453
Van Arke) levi and Burgers and Passerini Hanawalt, Rinn, Swanson and Tatge
hhl Reina Van Liempt and Frevel
Cu, 1.5405 A4 Cu, 1.3403 A | Cu, 1.5405 A Fe, L.9360 A Mo, 0.7093 A Cu, 1.5405 A, 26°C
a a a a a a a | &9 ) & a a I a a I a
A A A A A 4 A A A 4 A A
111 3.14 S.44 | ccaos ] aaans .24 3.6l J. 166 | ms 70 5.485] 3.23 100 5.59 3.234 100 5. 602
200 2.73 5.46 comzs || oodza 2_80 5.60 2.764 w 40 5.528 1 2.81 38 5.62 2,800 35 5. 600
20 1.94 | 5.49 | 1.930 | 5.459|1.98 |5.60 |1.960] vs 100 | 5.542 | 1.97 73 | 5.37 | 1.980 58 | 5.600
11 1.66 | 5.5 | 1.65B [ 5.499 | 1.69 5.6l |1.6753| v= 100 | 5.555] 1.668 88 | 5.57 | 1,689 64 | 5.602
222 1.5% | 5.5 | oo} oo 1.61 |5.58 |1.609 [ mw S0 5,972 | coeen | —emam | o 1.616 11 | 5.5%98
400 1.38 15,52 | 1.392 [5.568 | 1.40 |5.60 |1,3%3 " 40 1 5.573 | 1.402 12 | 5.608 | 1400 8 | 5.600
331 1.27 5,54 1.272 [ 5.545 ] 1.30 5.67 1.282 & BO 5.589| 1.283 38 5.502 ) 1.284 26 5597
420 1.24 [ 5.55 | 1.242 | 5.554 | 1.25 | 5.59 | 1.250 s BO | 5.5%2] 1,248 25 § 5.581 | 1.252 17 | 5.59%
422 1.132 | 5.5346| 1.133 } 5.551 | 1.14 5.38 1.141 ¥ 100 5.591 | 1.142 38 5.595 | 1.1432 20 5.6005
511 L.0T70 ; 5.560 | 1.071 | 5.565 | L.OTA | 5590 [ 1.077 | s 180 | 5.597§ 1L.0T& 38 15.591¢}1.077% 19 | 5.6010
-7 S SRR (RN 0.983 | 5.561 | 0.98R | 5.589 [ ___.. R R 0. 985 13 | 5.5595 | 0, 3900 6 | 5.6003
311 D.940 | 5. 561 .941 | 5.567 L9945 | 5,591 [ oL o g oo | cooan 945 25 5.591 -9465 18 5. 5994
600 L9294 5,574 931 | 5.568 1 .933| 5.598} ____ S | S | — L9133 25 | 5.598 ) .9333 & | 5.5998
65207 .884 | 5.591( .BB3 |5.582 L8B4 5,591 o..a mrme | cwwan | wwman | mcmmn | mmmmn [ mmaa- B854 14 | 5.5998
513 .B52 | 5.5B7 .B51 | 5.582 LB53 | 5.593 | ... cono || oooon || soooa || coooo || sooos || asoos L8540 9 5. 6001
622 LB43 7 5.552 .B43 | 5.592 843 | 5.592 | ...~ ceee | mmwee | mmmme | mm—me | oammme | mmmem L8441 9 5.5991
444 LBO9 5,605 oo | oo W80T | 5591 | oo JERPENERS DR ISUIVIVEU DU S [NDISOU R, RPN .
711 LTBE 5600 Lo e LT83 | 5.592 | oo AU R I bmooo || coooo || cooooo || canas || seccsn
640 | __.__. cdbico || eaooa ||'Betoa JTBO | 5.625 | oooao cocs | eooos i cooos || sooos | ccoos | seses || soocsc || cocoo || coooos
Average unit
cell for Jast
five lines ___{5.595| -ocuv 5.0B2 | . 9.986 | ____ oot | M= 50988 | ceen | e S.0994 | oo | oo- - 5. 54997
2 pybl i shed. b ASTM card
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version from kX to angstrom units. The inter-
planar spacings listed by Hanawalt, Rinn, and
Frevel were likewise convérted from kX units
to angstroms for the table. The intensity
data of Hanawalt, Rinn, and Frevel agree well
with those of the NBS. The three strongest
lines of both patterns are 111, 311, and 220.

Thorium oxide has the fluerite structure

{Goldschmidt and Thomassen [80]),
centered cubic lattice, space group OE‘ (Fm3m) .

a face-

The unit cell contains four molecules. W, H.
Zachariasen gave 5.5859 kX units for the lat-
tice constant at the New Haven meeting of the
American Society for X-ray and Electron Dif-
fraction in 1948,
published since 1929 {all probably in kX units

This measurement and others

and converted to angstroms) may be compared
with the NBS determination thus:

lhit cell, angstroms

1929 | Ruff, Ebert, and Woitinek [197].__.____. 5,58
1930 |Passerini [183]_________ ... ___. 5. 596
1930 |Burgers and Yan Liempt [45] _____________ 5.601
1944 |Palache, Berman, and Frondel [130] ...... 5.62
1948 |Zachariasen oo oo oo 58,5972
1953 |Swanson and Tatge (26°C}--==-===-=w---==- 5., 5997

In the new {1950) ASTM file the Hanawalc,
Binn, and Frevel card {1-0731) states the lat-
tice constant as 5,61, ascribed carrectly to
"D,;," that is, Dana's Mineralogy, Tth edition
[180]; che Passerini card (2-1278) gives it
as 5.590, ascribed to Dana, although in this
case the value 1s actually that of Passerini.
the
The density calculated
from the NBS lattice constant is 9.99] at
26°C.

Temperature data are not available for

comparison patterns.

2.32. Calcium Hydroxide, Ca(Oli), (Hexagomal}
The ASTM file of X-ray diffraction pat-

terns contains four cards for calcium hydrox-
(portlandite) (see table 1). The four
patterns are compared in table 33 with two
[136] and Matta and
Passerini [156]), and with a pattern prepared
at the NBS.

1de

from the literature {Levi
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The NBS sample was obtained as calcium
carbonate from the J, T. Baker Chemical Com-
pany; 1t was numbered 121647. At the NBS
laboratory it was heated in a platinum cruci-
ble at 925°C for one hour, and water added to
the resulting calcium oxide in a nitrogen at-
mosphere.

The following chemical analysis (in per-
cent) was provided by the chemical laboratory
of the NBS: Inseluble in HCl and NH Ol ppt,
0.01; chloride, <0.005; sulfate, 0.037; alka-
lis (as 30,), 0,01}; barium, <0.1; heavy met-
als (as Pb), 0.001; Fe, 0.003; MgO and alka-
lis, 0.21. The laboratory of the J. T. Baker
Chemical Company specified the barium content
as 0,005 percent and the iron as 0.00] per-
cent.

For table 33 the
Passerini patterns were calculated directly

Levi and Natta and
in angstroms from Bragg angle data given.
The spacings of the ASTM patterns were all
The

in the

converted to angstroms from kX unics.
fifth pattern table appeared
old ASTM file with the source for it omitted;
it was tentatively ascribed to the United
England, in the 1950 file.

Rinn,

in the

Steel Companies,
The
the two of the United Steel Companies agree

Banawalt, and Frevel pattern and
with that of the MBS in showing the three
strongest lines as 101, 081, and 102.

The space group assigned Lo hexagonal
calcium hydroxide [23] is ng {C3m1}; there
is one molecule in the unit cell. Lattice
investigators

All are from the

constants of several
the table balow.

are com-
pared 1in
literature except the two values of the lnited
Steel Companies, which were taken from the

ASTM cards, and are in angstrom units.

{htt cell, in angstroms

a )
1927 | Herrington [89] o .. 3.587 | 5.040
1933 | Tilley [222 ) ccomcocc i 3,592 | 4.905
1935 | Bunn, Clark, and Clifford [44)____ [ 3.5916 | 4.9061
-1 Uniced Stmel oo e ——- 3.588 | 4.903
.| United Steel (3} oomoioaioo__.o 3.584 | 4.916
1953 | Swanson and Tavge {27°C) oo oo.. 3.593 | 4.909




is

The density calculated from the NBS data fraction was determined only for the ordinary
2.241. DBecause of the platy nature and ray, «=1.573. Ashton and Wilson [3] give

fine grain of the material the index of re-  «wy=1.574, ¢, =1.545.
TasLe 33. Coleium hydroxide, Ca(OH), (hexagonal)
1924 1927 1928 1938 cooa ocoao 1953
Levi Harrington Natea and Hanawale, Rian, (Uniced Steel{?}]| United Steel Swanson and
hil Passerini and Frevel Tatge
Cu, 1.5405 A | Mo. 0.7093 A | Cu, 1.5405 4 Mo, 0.7093 A | ccomooomion | e Cu, 1.5405 A, 27°%

d I a A a I d I d I d I d I

A 4 A A 4 A A
ool 4.45 W || secozos || saces 3.770 mns 4,54 50 4,92 70 4.90 20 4.90 74
100 2,94 me 3.11 F: [ I IR cooe 3.12 25 3.11 50 3.108 60 3.112 23
101 2.50 Vs 2.63 160 2,502 5 2.64 100 2.63 100 2.625 160 2.628 100
602 | —ooaas cecs || sees=ma || amces || ccccecs oo | loe—tmos || coctmmal||lootbons || oo (I SRR T 2.447 3
102 1.906 s 1.928 a0 1,902 ms 1.93 S0 1.927 60 1,925 26 1.927 42
110 1.746 s 1.7903 96 1.748 s L.79 40 1.793 50 1.795 70 1.796 k13
111 1.645 | m= 1.683 60 1. 640 ms 1.69 30 1.683 50 1.688 60 1,687 21
B03 | oo S NSRRI e || cooamos || S || e | e SO 1,634 i
200 .. ————| 1.553 ) LU E— T 2| - IV | 1.554 20 1.557 3
201 1. 446 m 1.478 &0 1.471 mw 1.488 20 1.480 S0 1.481 60 1. 484 13
112
E } 1.418 tm 1.453 50 1.434 | ms 1.453 20 1.448 50 1.447 60 1. 449 13
202 1.386 m 1.311 50 1.293 | ow 1.318 20 1.313 50 1.313 60 1.314 8
4 | oo U R [ coon [occooas ||aacsccs || coccoas || coesa 1.249 10 1.228 1
I cool| | conocs || ooy | . oo || commseet | [Beetoos || chumsoo || dhsea 1.208 20 1.211 1
210 | oeemaes e | 11174 5§ | AR eea- | 1,180 2 || c2ecoss || coses 1.174 20 1.1762 3
211
104 } 1.128 ns 1,143 40 1.138 w 1.147 15 1,141 50 1.142 &0 1.1432 11
203 | ceeee s e || e ) LU rme fammmmee | e | e | e 1.126 50 1.1275
212 L.046 | ms 1.060¢ 40 1.047 w 1.065 10 1.059 50 1,059 60 1.0599 12
300 1.004 m 1.037 20 | oo —--- [ 1,037 5 1.035 406 1.036 50 1,0366 $
301
i } ...... -~ | 1l.012 20 1. 003 mw 1.014 8 1.013 50 1.0138 60 1.0143 7
- 0.951 6.953 10 0.952 0.957 5} 0.954 40 - o 0.9551 - 4
213 | " it S : [ : { .9543 | 70 B
105 892 o7 P | P N | ey e | crmaocil | | Samaai | P ) . 9351 20 .9379 1
220§ .- —--- | 0,897 10 | ceeeaa- como ||ooocood || ccmnnae [EEEEooo || EESE N SARIC S SR . 8979 1
EH || cccooes cooo . 882 B ||zoccces cooa [foscsoca || cososss ||ssssoss ||cosss ecssonss || acacs .BB38 2
303 |- P [ R N —— coms || cocoooa || cscnsca | asnacss || cazca || cencanas || aemaa . BT60 1
310
115 ]0.861 w 0.860 5 | |occocle | O ||y | O . 8623 2
222
L . B4l ms . 847 5 |eocooeea ——w- 1 0,852 8 Neoccocoo ||ecooe ||ocomooes oooos . 8495 &
214
LI .B13 ms 813 8 ||o=coass come Necemces ocoooss ||oooesos || osoos ||comosoon ||oosoa 8140 5
223 192 | m 789 - T D US| AR SR | SR U | P (P | | -

® Mine lines following are omitted.

2.33. Ammonium Chleride, NII Cl (Cubic}
Four patterns from ASTM cards (see table tained from the J. T. Baker Chemical Company.
1) are compared in table 34 for ammonium It was tested by the NBS chemical laboratory

made at the NRES. The NBS sample was ob-

chloride {sal-ammoniac) with a fifth pattern and was found te conform with ACS standards;
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it was recrystallized by sublimation before
exposure to X rays.

The interplanar spacings of table 34 were
changed to angstrom units on the basis of the
wavelengths given for the radiation used 1in
preparing the patterns, except for the Wyckoff
and Armstrong spacings, which were calculated
in angstroms from Bragg angle data given.

All patterns agree upon the 110 line as
NBS pat-
tern the second strongest line 1s 211,

the third strongest 100; for the NBS pattern

the strongest. For all except the

and

e common basis by the use of the ASTM conver-
sion scale ([l] p. 108 of index covering orip-
inal set of cards, or card ao. vii of iatro-
duction to 1950 file) preserves the same
choice of the three strongest lines although
reducing the discrepancies in intensity be-
tween patterns. Bartlett and Langmuir missed
the 100 line of the pattera, and weak lines
are missing from other patterns.

An error has been carried over from the
old ASTM card to the new one for the Bartlett

and Langmuir pattern; in column d the second

these are of the same

intensity.

This is in

part due to the use of different radiation;

however, recalculation of the intensities to

interplanar spacing was originally published
as 2.238 rather than the 2.338 of the
The radiation wavelength 1s given on

card.

TabLe 34. Ammonium chioride, NH,Cl fcubic)

ASTM

1521 1524 1329 1938 - 1953

Barclett and Havighurst, Meck Wyckoff and Hanawalt, Hinn, United Steel Swanson and Tatge
hEL Langmuir and Blake Armstrong and Frevel Companies, England

Mo, 0.7093 A Me, D,7093 A Ma, 0.7093 A Mo, D.7093 A Mo, 0.7093 A Cu, 1,5405 A, 26°C

[ i |+ d I ] 4 I a d I a 4 I a d I a

A F) A 4 A A A 4 4 F) F)
100 | —_.-- U 3.87 30) 3.870| 3.85 8| 3.85 | 3.86 15| 3.86 | 3.87 60| 3.87 ) 3.87 23| 3.87
110 | 2,708 100 | 3.829 | 2.731 | 100 | 3.862] 2.728 | 100 3.857| 2.73 ! 100 3.86 | 2.74 | 100| 3.87 | 2.740 | 100| 3.875
111 | 2.229| 10, 3.B81 | 2.231 7| 3.864} 2.226 3| 3.856] 2.22 5)3.85 | 2.24 50| 3.88 | 2,238 4] 3.876
2000 | 1.917 20)3.83 | 1,932 151 3.864 | 1,928 11§ 3.856( 1.92 12 3.84 1.94 60| 3.BB 1.939 7] 3.878
210 | 1.718 15| 3.842 | 1.726 12 3.859} 1.724 6] 3.855| 1.72 2] 3.85 1.73 50| 3.87 1.733 5| 3.875
211 | 1.562] 30| 3.826|1.556| 40| 3.811) 1.575| 214 3.858| 1.57 25]3.85 | 1.58 Jo| 3.87 1,582 23| 3.875
220 | 1.357) 15! 3.838|1.365| 10| 3.862| 1.363 61 3.855] 1,373 5| 3.883| 1.37 60| 3.87 1.370 5] 3.875
300 [ 1.282] Loj3.846| 1.288| 12| 3.863| 1.286 3] 2.858( 1,291 3|3.873| 1.29 50| 3.87 1,292 3| 3.87¢6
310 [ 1.209] 15;3.82311.221| 15| 3.861] 1,220 6] 3.856) 1,223 713,867 1.22 60| 3.86 1,225 5| 3.874
a1l | 1.158 3.8411 1,165 3| 3.863]| 1.163 21 3.857| 1.167 1]13.871]1.17 50| 3.88 1.1687 4] 3.8781
222 1 1.107 B|3.835]1.118 21 3.865| 1.113 21 3.856( 1.117 1]3.869] 1.12 50| 3.88 1.1188 2| 3.8576
320 | 1.0e9 6| 3.854 {1.070 2| 3.859| 1.069 14 3.854 1 _____ R (. 1.07 50| 3.86 1.0751 1| 3.8764
321 | 1.020] 1e)3.8l6 ;1.032| 20) 3.860| 1.031 61 3.858| 1.035 4]13.873]1.03 80| 3.85 1.0357 3| 3.8753
400 | 0.954 3] 3.816 { 0.965 1(3.858] 0,964 1| 3.856| ----- | ----- 0.968] S0 3.872 | D,9580 1| 3,8720
410 L4931 6] 3.830 .97 11! 3.862 935 1Y 3.855] ----- U . 939 T0| 3.872 9400 2| 3.8757
411 .ong B| 3.852 | .910 6 3.860| 909 2{ 3.857| 0.914 1{3.878) .913| B8S| 3.873 9134 3| 3.8752
i .BEA 5] 3.871 | —___ S| R . B85 11 3.857 | -2 | wec | oo | oo oo | cobooo . 8890 11 32,8751
420 864 5] 3.864 | 0.864 3 3.863| cocee | e mmeeo 0.860 1{13.873| .- [ B66T 2| 3.8760
42] .Bal 5| 3.854 .B44 23,806 ~---- [ B U (U [ o= || comoeo B457 3| 3.8755
332 al1g 5] 3.841 . 823 1]3.858) .. JRUE [ AU U e _ 8263 4] 3.8757
422 784 413.841 | .788 2| 3.860| ————- U P [ NV [ [ coo || cosaos Tell 3] 3.8756
500 .THD 31 3.845 LT74 413869 o ___ o) oo aoo-- (R | p—— =250 | [ oadeoo || cooooo oo MM oooona
510 .732 713.834 | .757 T13.8630 | -—--_ DR N (NS R cee || memeee || o S | p——
521 1 ____ oo || coaBS L T06 1] 3.8664 ccece | cac} comac| ccaea coe || coeme || 2omea VRS VR [ i | P —
Average unig
cell for last

five lines_ ____ 3.843 | --a-- - ]3.863] ----- U I 1 [ el 3BT - e | "3.872) --—-- --- 1 3.B756

“Average for last three lines only.
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the old card as 0.708, on the new one 0,709,
while 0.712 was actually used. On the old
card for the Havaighurst, Mack, and Blake pat-
tern the 1nterplanar spacings 1.221 and
0.7748 should read 1.222]1 and 0.7745;

errors were eliminated from the new card in

these
reducing the values to two decimal places
only. The radiation wavelength was changed
on the cards from 0.708 to 0.709, actually
0.710 was used. The Wyckoff and Armstrong

reference 1s given incerrectly on both old
and new cards; it should read "Z. Krist. 72,
312 (1929)" rather cthan "320 {(1930}." The

interplanar spacings and intensity measure-
ments check with those of the reference given;
it 15 not understood why reference is given
also to Greenberg and Walden [82) (misspelled
"Walder” on the new card) with the notation
"intensities by ionization spectrometer,” since
the intensity data of this paper seem of
lattle value and are apparently not recorded
on the ASTM card at all.

The structure of ammonium chloride [54]
15 based on a simple cubic lattice, space
group O: (Pm3m]} .
the unit cell. The early lattice constant
determinations {Rragg [28], Vegard [235]), and
Bartlett and Langmuir (9]) vary considerably,

There 1s one molecule to

and uncertainty exists as to the correction
to apply to convert their units to angstroms.
In the table below a value of Havighurse,
Mack, and Blake [92]
electron diffraction determination of Trillat
and Laloeuf [223], and the NBS lattice con-

stant, The two former are converted from as-

is compared with an

sumed kX units to angstroms.

Uit cell, angstroms

1924 | Havighurst, Mack, and Blake [92)____ | 3.874
1948 | Trillat and Laloeuf (203)___________ 3.871
1953 Swanson and Tatge (26°C)_ .. _____ 3.8756

2.34. Lithium Flueride, LiF (Cubic)

Six patterns are compared in table 35;
ASTM file (see
table 1}, there is one from Debye and Scherrer

(41],
In their same publication Debye

besides the three from the
(63), one from Bruni and lLevi and an
NBS pattern.
and Scherrer give a second pattern which
closely corresponds to the firsc and 1s not
reproduced in table 35,

The sample of lithium {lucride used for
the NBSpattern was abtained from the Harshaw
Chemical Co, Spectrographic analysis at the
NBS showed (in percent}: Sr, 0.01 to 0.];
Pb, Si, 0.00! to 0.01; Al, Ba, Ca, Cu, Fe,
Mg, Sn, <0.00L.

The interplanar spacings of the ASTM
table 35 were converted from kX
The data of Debye and
Scherrer and of Bruni and levi were published

patterns in

to angstrom units.

in Bregg angles, from which the interplanar
spacings were derived directly in angstroms.
Most of the relative intemsity measurements
of the various patterns bear out the choice
of the three strongest lines as given in the
NBS pacttern; 200, 111, and 220 are the first,
second, and third strongest lines, respectively.

Lithium fluoride has the well-known NaCl
structure, space group 07 {(Fm3m), with four
Published lat-

tice constants after converting from kX to

molecules to the unit cell.

angstrom units and allowing for temperature
differences (the coefficient of expansion was
determined by Straumanis, levins and Karlsons
[217] as 34,17 x107%) compare with the NBS

value thus:

Umit cell at 25°C, angstroms

1937 {Moeller [155] o __.. 4, 01286
1939 Straumanisz, Iev.il:l;, and Karlsons [217] 4, 02620
1940 { Hutchison and Johnseon [110).___._.__ 4.0255
1953 | Swanson and Tatge- oo ... 4.0269

The density of ammonium chloride based on
the unit c¢ell of the NBS 1s 1.527 at 26°C.
The index of refraction of the sample was de-
termined as n=1, 641,

The density based on the NBS lattice con-
stant 1s 2.638 at 25°C. The refractive index
of lithium fluoride determined by Spangenberg
[211) is ny=1.3915.

6l
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TanLe 35, Lethium fluoride, LaF feubic)
1916 1923 1924 1938 SR 1953
Debye and Davey Bruni and Levi Hanawalt, Rinn, Crystallographic Swanzon and

Rkl Scherrer and Frevel Laboratory, England Tatge

Cu, 1.5405 A Mo, 0.7093 A Cu, 1.5405 4 Mo, 0.7093 A Mo, 0.7093 A Cu, 1.5405 A, 26°C

d I a 4 I a d I a d I a d I a a I a

A 4 4 4 4 4 A A A A 4 A
11112.38 | = {4.04 ;2.31 67 |4.00 | 2,27 | vs |3.93 |2.32 67 | 4.02 2.32 100 [ 4.02 | 2,325 95 | 4.027
200]2.05 |s 14,02 [2,00 [100 |4.00 |1.97 | vs |3.94 |2.00 |100| 4.00 2,01 100 14.02 | 2.013 | 100 | 4,027
220} 1.46 s [ 4,076 ] 1.425| &7 | 4.031 | 1. 41 & 3.99 1.422 23| 4.022] 1.42 80 14,02 1.424 48 | 4.027
311| 1.24 | = | 4,013 | 1.213 514.023 1 1.21 4.01 [1.213 3| 4.023 | 1.212 40 14,020 | 1.214 10 { 4.027
222| 1.286 | m {4,005 1,163 54.029 | 1.16 4.02 | 1.162 3 4.025] 1.1s2 40 | 4.025 [ 1.1625 ) 11} 4,0270
4000 1.022 | m | 4,012 | 1.008 3 (4.032 [ 1.008 | m-w [4.032 ) o |-om | amaen 1. 006 20 | 4.024 | 1.0068 9 14.0272
331| 0935 | w 1 4.028 922 2 14.019 ;0. 926 | m-w | 4.036 { -auaa coo || comoeo 0.924 20 14.028 | 0.9230 g | 4.0270
420 .908 | = § 4.029 901 4 4,029 802 | s 4,034 | . __ | .900 60 | 4.025 4005 | 14 | 4.0270
422| .826 | s 14.032) .823 3(4.032| .B25| s {4.042 | ____ soo || sooces {| socooes oco || sos== 8220 | 13 | 4.0270
11| 776 | s | 4.037 ) _—--. coc [Jozecs [[osass cee || mmece || aomss cee || 2zmcos || cocaaas sco || so=oo || cossos coo || zcomo=
440 o__.- == || o=o== 0.711 104,022 ... . e || ccoos | cooes P | P— P | - ooz PR | .
531) ----- =c || sooos -680 1}14.023 |- com || zzems || sooes meo || semces || cooomns B || oo e |
00| -aaaa co || emoce -6T1 204026 f oo Y [ o=o || semoes || oooooos coo ||oscos || ooooes oo || Sooooe
620) o oaem = _ | P L6337 1 (4,029 F coen | mem | mmmme [ mmmam ORI PR, RN PR [P, s ||
Average unit
cell for Past
e Ao | Gl R | oo SNSRI A% 0 ] (. e | EWCTCRG || e SRR B )2 | — SR [( 110 2 | pseEee --a [ AOZ7C

* Average for last three lines only.

2.35. Lithium Chloride, LiCl (Cubie}

In table 36 the three patterns for lithium
chleride included in the ASTM diffraction
pattern file {see table 1} are compared with
a pattern prepared at the NBS. The material
for the NBS sample was obtained from the
Mallinckrodt Chemical Works, labelled with
their number SDD, and was accompanied by the
following chemical analysis {in percent):
Nzos, 0.001; 30,, 0.01; heavy metals, 0.005;
Fe, 0.001; other alkalis, 0,02; Cl1,0,, trace.

The interplanar spacings were converted
for the table from kX units to angstroms.
The intensity measurements of all four pat-
terns vyield 111, 200, and 220 as the three
strongest lines to be used as the ASTM index
lines. It should be noted that in the flat
packed sample used with Geilger counter appa-
ratus the powder easily orients so that the
200 lioe The NBS intensity

measurements were made as usual on a loosely

is strongest.
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packed sample expressly prepared to avoad
orientation.

Lithium chloride crystallizes with the
NaCl lattick, has the space group OE‘ (Fm3m},
and has four molecules in the unit cell. A
recent value for the lattice constant is com-
pared with that of the NBS
table after conversion to angstrom units at
25°C, The coefficient of expansiocn of
44.76 x 107 % [113] was

correctlcns.

in the following

employed in making the

Uhit cell i angstroms at 25°C

1938
1953

5.13988
5. 1326

Ievilfs’, Scraumanis, and Karlsons [113]

Swanson and Tatge _ . oo ooooaooo-

The density, calculated from the NBS lat-
is 2.074 at 25°C. The index
of refraction determined on the material used

for the NBS pattern 1s n=1.663.

tice constant,



TasLE 36, fithtum chioride, 1ACl foubic)
1623 1938 B 1953
Davey Hanawalt, Pann, and Frevel | Cryscallographic Laboratory Swanson and Tatge

hE

: Me, 0.7093 A Mo, 0.7003 A Mo, 0.7093 A Cu, 1.5405 &, 25°C

d I 3 d i [-3 d I [} 2 I -]
A 4 A 4 4 4 4 4

111 2.97 100 5,13 2,97 140 5.14 3,02 100 5.31 2.967 100 5.139
200 2.56 100 5.11 2.57 1400 5.13 2,60 100 5.1¢9 2,570 86 5.140
220 1.818 70 5.141 L.81 60 5.13 1.83 g 5.12 1.517 58 5.140
311 1.552 38 3.147 1.55 32 5.15 1.56 8 5.18 1.550 29 5. 141
222 1.485 8 5.144 1.485 12 5. 144 1.489 4 5.158 1.484 16 5. 140
400 1.284 4 5.134 1. 286 5 5.142 L.287 2 5.146 1.285 4 5. 140
331 1.180 5 5.145 1.180 12 5.145 1.181 4 5.149 1.1791 10 5.1394
420 L.149 8 5.140 1.150 14 5. 144 L.151 6 5.148 1.1402 12 5.1398
422 L.0db 3 5.125 1.050 6 5. 144 L.049 3 5.139 1.04%1 8 5. 1395
511 0.987 5 5.128 0,991 5 5.149 0, 989 [i 5,139 0,9892 5.1399
W || soccooocs || coses || zoccsecos 91l 2 5.152 908 2 5.135 Q086 2 5.1396
531 0. 868 3 5.133 871 3 50150 | o) ol e 8688 10 5.1397
600 836 4 5.134 839 1) N | (S | TS | 8566 6 5. 1397
620 .812 1 (70 1: N RPN I RSO R I R 812¢ 4 5.1393
711 719 1 B UEY || cocoomesa]| coseo || emcccssmal] comsemcas S | | YNSRI | S | PSS
Average unit cell

for last five

linesc oo caoo oo 5.133 coooonoEs || ol 5.149 | oo o-oo- 7 T R O 5.13%6

2.36. Sodium Fluoride, NaF {Cubic)
Three patterns for sodium fluoride (vil-
recorded on the ASTM file cards

in table 37 with

liaumite)
(see table 1) are compared
two patterns obtained from the literature and
one made at the NBS. Those from the litera-
ture are by Debye [64) and by
(244]. A fourth ASTM pattern,

from the Crystallographic Laboratory, Cam-

and Scherrer

Wasastjerna

bridge, England, had not been published prior
te the ASTM

were comblned on the file card with those of

compilation, and as the data

Wyckoff and Armstrong, it is impossible to

reproduce 1t as a separate pattern for com-
parison in table 37.

The NBS pattern was obtained from a sam-
ple numbered 7445 furnished by the J. T. Baker
Chemical Company. The NBS chemical laboratory
ACS

labora-

found that the sample complied with

specifications. The spectrographic

353747 0 - 53 -3

tory reported the presence of silicon, 0.001
to 0.0]1 percent, and no other-impurity greater
than ¢.001 percent. The sample was recrystal-
lized by sublimation before using.

The spacings of the Debye and Scherrer
and the Wyckoff and Armstrong patterns of
table 37 were calculated directly in ang-
strom units from the published Bragg angle
The Davey,

Frevel,

data. the Hanawalt, Rinn, and
and the Wasastjerna patterns were
converted from the kX units of the published
data. Thus, the entire table is in ang-
stroms.

The patterns of table 37 agree in showing
the 200, 220, and 222 lines as the first,
second, and third strongest, respectively.
The Wyckoff and Armstronmg intensity measure-
ments in their original publication dif fer
considerably from those on either the old or
new ASTM cards.

They were recalculated for
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table 37 directly from the published photo-
metric measurements, which have lost much of
their original precision in the versions used
on the ASTM cards.

Sodium fluoride has the
space group O {Fm3m), with four molecules in
the unit cell.
and Karlsons [217] found a lattice constant
of 4.62345 kX units at 25°C.
this

NaCl structure,
In 1939 Straumanis, lTeving,

Converting to

angstroms at 25°C, compares with the

Unit cell at 25°C, angstroms

193%
1953

4.63279
4. 6342

Straumanis, Ievir;‘s'. and Karlsens [217)_.__
Swanson and Tatge

The coefficient of expansion 36.0 x 10°¢
[217) was used. The density of sodinm flua-®
ride based on the NBS cell value of the lat-
tice ccnstant is 2.799. The index of refrac-

tion was given by Spangenberg [211] as

Three diffraction patterns, all in the
ASTM file, for potassium fluoride (see table
1) are compared with a pattern prepared at
the MBS in table 38. The NBS sample was ob-
tained from the J. T. Baker Chemical Company,
and accompanied by the following analysis (in
percent): imseluble, 0.05; Cl, 0.005, HF
{free acid), 0.05; alkali (choa), g.1;
KESiFﬁ. W55 €0, U023 503, 0.005; heavy
metals (as Po}, 4.003; Fe, 0.001. A spectro-

64

68

NBS value: Mg = 1L, SAEE,
TasLe 37. Sodium fluoride, NaF fcubicl
1918 1923 1429 1938 1944 1953
Debye and Davey Wyckoff and Hanawalt, Rinn, Wasastjerna Swanson and Tatge
hEL Scherrer Armstrong and Frevel
Cu, 1.5405 A Mo, 0.7093 A Mo, 04.7093 A Mo, 0.7093 A Cu, 1,5405 A| Cu, 1.5405 4, 26°C
4 I a d I a d I a a I a a a d I a
A A A 4 4 4 A 4 A A 4 A
111 | oo SR =T | B N 2,67 4 [4.62 | .- U R 2.672 | 4.628 | 2. 680 1 | 4.692
200 2.35 s | 4.70 L33 1 100 L6 2,32 | 100 |4.64 2,32 | 100 | 4.64 | 2,.315] 4,629 2.319 | 104 | 4.638
20 1.66 ES 4,70 1.639 67 | 4.636 | 1.64 82 |4.64 [1.64 60 464 | 1 836 | 4.628 | L6309 56 | 4.636
3l 1.42 w 4,71 | ... e pe— 1.3%6 2 | 4.630 | ana. come || oo 1.395 | 4.629 | 1399 1 | 4.640
222 1.33 ] 468 1.338 13 | 4.635 ] 1.338 16 | 4.635 [ 1.339 16 | 4.638 | 1.236 | 4.627 | 1.238 10 | 4.635
400 11,170 | m | 4.680 ] 1.160 7 | 4.640 | 1.159 5 | 4.636 j1.160 3 [ 4.640 ) 1.157 | 4.629 | 1.1588 3 | 4.6352
331 | oaeo PSR [ [ PR [ [ SO VR coca || conos 1.062 | 4.629 | 1.0633 1 | 4.6348
420 1. 040 s 4.6%1 [ 1.035 13 | 4.62% | 1.037 12 | 4.638 | 1.037 & | 4.638 | 1.035 | 4.629 | 1.0363 8 [ 4.6345
422 | 0.958 | s [4.69310.945 7 | 4.630 | 0.943 7 | 4.620 )0.948 3| 4.644 | 0,945 | 4.628 | 0.9458 T | 4.6335
511 L903 | ww | 4,692 _____ coco | cooec L6892 1 |4.619 | . | S| p— , 8920 1 | 4.6350
444 .28 4,684 | 0, B17 3 | 4.622 .821 1 | 4.644 | 0,823 1 | 4.65 | 0.818 | 4.626 B192 2 | 4.6241
531 788 4.662 | .- S | —— cooo || cooes || coooe BTN s TN PR SR | PSR So5m || Sl
600 | L. .. cono || ascosa 3.771 5 1 4.626 |0.774 2 | 4.644 |0.776 1 14,656 | cocom ] comn | ccmmnm oemo | conene
620 | ... S — 731 4.623 | .731 1 14,823 | .. S RN | S Y | pR— e | S
622 | oo-. coee || eoces 897 3 [ 4.623 | .. L | P e AR e P N P— | IS
Average unit cell '
for laszt five
Ianes. .. ____.. 4, 684 | Lo __ e | 4620 | e e | 430 L. e | 4 BAT | e 4,629 | oo.-. e | 4.5344
2.37. Potassium Fluoride, KF (Cubic) graphic analysis made at the MBS indicates

approximately 0.1 percent sodium present, the
only extraneous element recognized greater
than 0.01 percent. The presence of 0.1 per-
cent sodium fluoride in selid solution with
potassium fluoride decreases the unit-cell
size approximately 0.0007 A,
fluoride 1s very deliquescent, the sample was
first dried at 220°C,

latum before mounting on

As potassium

then mixed with petro-
the X-ray spectro-
meter.



The spacings of the Davey pattern were
converted to angstrom units by recalculating
them to agree with a molybdenum wavelength of
0.7093 angstroms rather than the 0.712 used
to obtain the published data. The spacings
con-
verted to angstroms from kX units. The
Hanawalt, Rinn, and Frevel, and the MBS pat-
terns show the 200, 220, and 111 lines as the
The 420

focusing and absarp-

aof the remaining ASTM patterns were

three scrongest. and 422 are strong
lines also, and, due to
tion effects, appear in the other two pat-
terns as strong or stronger than the 111 line.

Potassium fluoride has the well known
face-centered cubic structure of Nall, space
group Oﬁ {Fm3dm), with four molecules in the
The lattice found in

unit cell. constants

the literature are not in close agreement.
Several, converted te angstrom units, are
compared with that of the NBS in the table
below:

{mre cell, in ongsiroms

1922 | Posnjak and Wyckoff I8 Jeccoomnmmmnces 5.37
1929 | Broch, Oftedal, and Pabst [381_________ 5.344
1938 | Finch and Fordham® {68 ) .. .. ____ 5,367
1948 | Mehmel (250 ___ ... 5., 34
1953 | Swanson and Tatge (26°C)_______________ 5.347

By electron diffraciion.

The density, calculated from the NBS lat-
is 2.524 at 26°C. The index
of refraction was not determined because of

tice constant,

the fineness of the sample; it is given by
Spangenberg {211] as np=1.361.

TaBLE 38. Potassium fluoride, KF {cubic)
1923 1938 soos 1953
Davev Hanawalt, Rinm, Crystallographic Swanson and Tatge
hikl and Frevel Lahoratory
Mo, 0.7093 A Mo, 0,7093 A Ma, ©.7093 A Cu, 1.5405 A, 26°C
d I a i I a d I a a I a
A 4 A A A A 4 A
111 310 15 5.37 3.09 27 5.35 3.02 40 5.23 3.087 29 5.347
200 2.68 100 5.26 2.67 100 5.34 2.64 104 5.28 2.671 100 5,342
220 1.88 80 5.317 1.88 83 5.32 1.87 a0 5.29 1.890 ¢ &3 5.346
311 1,603 10 5,317 1.60 10 5.31 1,599 20 5.303 1.612 10 5.246
222 1.533 20 5.310 1.54 27 S aft) 1.533 40 5.310 1.542 17 3.342
400 1.328 10 5.312 1.336 8 5.344 1.330 40 5.320 1.337 8 5.348
331 1,217 B 5,305 1,225 4 5. 340 1.219 20 5.313 1.227 2 5.348
420 1.187 25 5.308 1.153 20 5.335 1. 150 BO 5.322 1.1946 14 5,342
422 1.083 15 5.306 1.091 10 5.345 1.091 an 5.345 1.0412 8 5. 246
511 1.020 5 5. 300 1.029 1 B8 || seomecooe || comes || cossesses 1.0297 3 5,358
440 1,935 5 5.289 0,945 1 5.346 0. %45 20 5. 346 0,9452 3 3.347
531 897 5 5.307 903 1 5,342 004 40 5.348 a037 4 5.346
600 B84 8 5.304 891 2 5.3 | e e | oo L8915 5 5.349
620 -B39 B 5. 306 .B45 1 SIS L AR ] LSV PR | ESVEVI S 8455 5 5.347
622 . 800 8 Godllil || comoccmes [|coses ||cstmcaact || stmatmens |leoocs || acclandas 8060 4 5.346
642 - T0B B 74" S [UNRUPRRORNE, (U (TSI, P [ IS [P PRI .
Average wnit cell for
last five lines-.... B0 || cosecsca §l 2o 5.345 | cemmeeen | oo 5.335 |- - 5.347

2.38. Potassium Chloride, KCl {Cubie)
The two patterns of potassium chloride
in the ASTM file (see table 1),

supplemented by two found in the literature,
and Sidhu (207], are com-

(sylvite}

Wasastjerna [244a]

253747 0 - 53 - 6

pared in table 39 with a pattern made at the
NBS.

The sample used by the NBS was obtained
from the Mallinckrodt Chemical Works, and

bore the label KYD-1. The following chemi-
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cal analysis accompanied i1t (in percent}: Ba,
0.001; Ca, Mg, and NH, OH ppr, 0.005; Chlorate
(Clﬂa), 0.001; insoluble, 0.005; Fe, 0.0003;
heavy metals, 0.0005; neutralicy OK; N03, 0.003;
N, 0.001; PO,, 0.002; Na, 0.02; 50 ,, 0.005.
The conversion of the interplanar spac-
ings of the patterns of table 3% to angstrom
units was made from kX units except in the
case of Wasastjerna, from whose data published

sin £

, values were calculated directly in

angstrom units. For each pattern the three
strongest lines are 200, 220, and 222.
Apparently Bragg [29] is respensible for
the original structure determination; he re-
ferred to the structure as "simple cubic,”
that 1s, face-centered cubic, having the space
Tu [224] in 1936 determined

the coefficient of expansion of potassium

group O: {Fm3m}.

chloride as 3.65 x 10° 5.
of the lattice constant made at specified

Four measurements

after conversion
to angstrom units at 25°C, with the NBS value
in the following table:

temperatures are compared,

Unit cell in angsiroms at 27°C

1936 |Tw [224 ) . 6.29229
1942 | Batuecas and Fernandez-Alcnso [10]--- 6.307
1944 |Hutchinsen [111] 6.30511
1947 |vegard (237 ) oo 6.289
1453 | Swanson and Tatge 6.2931

Hutchinson, and Batuecas and Fernandez-
Alonso did not obtain their lattice constants
from X-ray measurements but from precision den-
sity determinations. The density calculated
from the NBS unit cell 1s 1.9865 at 25°C. An

index of refraction of n=1.490 was obtained

for the NBS sample of potassium chloride.

TasLe 39, Potassium ckhloride, KCl (cubic)
1923 1938 1944 1948 1953
Navey Hanawalt, Rinn, Wasastjerna Sidhu Swanscn and Tatge
hEl and Frevel
Mo, 0.7093 A Mo, 0,7093 A Cn, 1.5405 A G, L1.5405 A Cu, 1.5405 A, 25°C
d I a a I a d a d I a d I a
A A A A A A 4 A A
200 3.1 100 | 6,24 3. 14 140G 6. 28 3.147 6.294 3.13 ¥s | 6.26 3. 146 100 | &,292
220 2,21 &7 1 6.25 2.21 60| 6,25 2.224 6. 290 2.21 & 6.25 2.224 59| 6.290
222 1.812 20| 6.277 1.81 14| 6.27 1.817 6.294 1.81 m 6.27 1.816 23 6.291
400 1. 567 7| 6.268 1.57 6| 6.28 1.573 6,292 1.57 w 6. 28 1.573 81 6.292
420 1,403 17 6.274 1.404 12t 6.279 1.407 6. 292 1.41 m 6.31 1. 407 0] 6,292
422 1. 281 101 6.275 1,283 6t 6.2B5 1.285 6,295 1.28 m 6.27 1.284 13 &.290
440 1. 114 3| 6.279 1.110 21 6.279 1.112 6. 294 1.11 w 6.28 1.1124 2 6. 2938
a00 1.045 7 6,270 1.049 21 6.294 1.049 6.294 1.05 w 6. 30 1,0490 6| 62940
620 .991 3% 6.268 . 993 21 6,280 0,994% 6. 2917 0,994 | w b. 287 0. 9951 2] 6.2936
622 . Do4 31 6261 | cccee o e L9485 . 2930 LG50 w 6,302 . 9486 3| 6.2923
444 905 3] 6,270 | ceeea- ooo || cocoooo . 9083 6.2929 .912 | ww i 6.319 L9083 1| 6.2929
640 . 869 3] 6,266 | coee e coo || cmemans . 8727 6,2931 875 w 6. 310 L8727 2 6, 2931
6542 L840 3| 6.2T1 | ceamaes coo || cocoana . 8409 6, 2927 L343 6.308 .Balo 6] 6.2934
Average for last five
lines . _____ 6267 | oo IR B T I, 6.2927 | oo | 6305 | .- | 6.2931
2,19. Potassium Bremide, KBr {(Cubic) rial for the NB5 pattern was obtained from the

The two ASTM patterns of potassium bro-
mide {see table 1), one from the literature
(Wasastjerna [243]), and a pattern prepared at
the NBS are compared in table 40, The mate-
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J. T. Baker Chemical Company, numbered 111642,
and accompanied by the following analysis (in
insoluble, 0.001; PO,, 0.000; SO,,
heavy metals, 0.0001; KOH, 0.002; N,

percent}:
€.003;



0.0001; Ca, Mg, and NH OH ppt, 0.003; Cl, 0.1;
Br,, 0.001; Ba, 0.002; Fe, 0.0001.
checked at the NBS and found to comply with

It was

ACS reagent standards.
After the calculation of the Wasastjerna

f é )
spacings from the given data, the 1in-

terplanar spacings of the three published
patterns were converted from kX to angstrom
units. Twoe errors in entering intensity
measurements on the Davey ASTM card
corrected for the 1950 file.
200, 220, and 420 are recognized as the firsc,

second, and third strongest lines, respec-

were

The three lines

tively, in each of the four patterns.
Potassium bromide has a face-centered cu-

bic lattice [29], space group OE (Fm3m), and

to the unit cell. Three de-

terminations of the lattice constant, given

four molecules

at specified temperatures, are compared below

with the NBS determination, all reduced to
angstrom units at 25°C. A recent determi-
nation of the coefficient of expansion is

40.5 x10°% [52].

thit cell in angstroms at 25°C

1926 |oewe [172) o . 6.600
1942 | Batuecas and Fernandez-Alonse [10].___| 6.616
1947 |Vegard [237) . .. 6.593
1953 | Swanson and Tatge. _.________________.._. 6. 6000

Batuecas and Fernandez-Alonso did not ob-
tain their lattice constant from X-ray meas-
urements but calculated it from a pycnometric
The
densicy, calculated from the NBS diffraction
data, 1s 2.7533 at 25°C. The
fraction of the specimen used for

density determination of high precisien.

index of re-
the NBS
pattern was determined as 7 =1.559.

TABLE 40, Potassium bromide, KBr fcubic)

1923 1938 1544 1953
B [tavey Hanawale, Rinn, and Frevel Wasastejerna Swanson and Tatge
Mo, 0.7093 A Mo, 0.7093 A Cu, 1.5405 A Cu, 1.5405 A, 25°C

a I a d I ] d a d I a

A A A A 4 A A 4
111 3.70 20 6.5 | —.... U [ 3.804 6.589 3.81 15 B. 60
200 3.28 100 6.55 3.30 100 6.59 3.296 6.592 3.300 100 6. 600
220 2.33 90 6.57 2.34 42 it 2.330 6.590 2.333 57 6.599
311 1.9561 15 foliet || coomomos || comee || cmomaaaae 1.987 6,590 1. 990 7 6. 600
222 1.85%9 50 6.577 1.89 10 .56 1,903 6.592 1. 505 16 6.599
400 1.641 15 6. 565 1.p4 T a7 1. 645 6.502 1.a50 1¢ 6. 600
331 1.513 8 6.595 || ] cmeeeeeee 1.512 6,591 1.514 2 6. 599
420 1. 468 60 6. 565 1.471 17 .578 1.474 6.592 1.476 17 6. 601
422 1.346 30 £.592 1.346 T L5092 1.345 6.589 1.347 8 &.590
Bl || cosmmmmes ||comnn ||Sacacsans (| accommaas LI | | S — 1.268 6. 589 1.270 2 6.599
440 1.164 8 6. 586 1.166 3 598 1.1651 6.5909 1.1666 3 6.5993
T | PO | | i || I 1.1141 6.5911 1.1157 1 6., 6006
600 1.098 10 6.589 1.067 3 .583 1.0984 £.5904 1, 1000 5 &, 6000
A20 1.038 14 £.565 1. 042 3 591 1. 0422 6,5915 1.0437 4 i, 6009
F88 acccceecc M 500t | [Sacecmae | [eccocmmon || coocn | |Choaams 1.0052 85915 | cemmmeimen || e
622 0.991 5 GYGI17E3 S | NSt | RPORS | S —— 0.9937 6.5915 0, 9949 4 6, 5994
bl IS U R PRI (ORI IR NN .9514 6.5915 o527 2 6. 6002
T || connanak N Eaie ] (SRR S | na o i SRR A .9230 6. 5915 9241 1 6.5997
B || coSnr N DR | P IR, L9141 6.5917 L9153 2 6, 6003
642 | oo | s e cmemmmae | e | e e o (P A RO13 L RAg 3 6, 5905
L B [ [P e [ L8582 6.5919 ARG 1 6. 6002

Average unit cell for

last five lines. .. -...._ 6.581 | ool |oiooa- 6.588 | .- 6.5916 | ocooooooon | ooeoan 6. 6000
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2.40, Potassium lodide, KI (Cubie)}

Three patterns for pocassium 1odide in-
cluded in the ASTM file of powder diffrac-
tion patterns {see table 1) are compared in
table 41 with a pattern found in the litera-
ture, Wasastjerna [244], and one prepared at
the NBS.
pattern was obtained from B. R. Elk & Company,
sample No. E-PF-3, accompanied by the follow-

The specimen used for the NBS

ing analysis, denoting higher purity than re-
quired by ACS specifications (in percent):
alkali, 0.04; Ba, 0.002; Ca, Mg, and Ni ,OH ppt,
0.005; Cl and Br, 0.0l; insoluble, 0.005: 10,,
0.0003; Fe, 0,0003; heavy metals (as Pb),

0.0005; H,0, 0.20; N, 0.002; PO,, 0.005; Na,
0.03; S50,, 0.01. Annealiag at 450°C for a
half hour presumably was accompanied by elim-
ination of the water.

The spacings of the patterns were either
calculated directly in angstrom units from
the Bragg angle data given or were converted
from kX to angstrom units. There is general
agreement that the first two strongest lines
are 200 and 220, but the Davey and the Olshau-
‘sen patteras show 420 as third stroagest, while
the Hanawalt, Rinn, and Frevel pattern agrees
with that of the NBS in showiag the 111 line
as third strongest.

TasLE 41, Potossium todide, KI {cubicl
1923 1925 1538 1544 1953
Davey Olzhausen Hanawalt, Rinn, and Wasastjerna Swanson and Tatge
hEl Freyel
Mo, 0.7093 & Cu, 1.5405 A Mo, 0.7093 A Cu, 1.5405 A Cu, 1.5405 4, 25°C
d I a d I 2 d I ] d [+ d I a
4 4 4 4 Fi 4 A 4 4 4
111 4.08 30 7.06 4.02 m 65.97 4.00 40 7.08 4.08 T.07 4,08 42 7.07
200 3.54 140 7.07 1.58 ] 7.15 3.54 100 T.07 3.533 7. 066 3.53 100 T.06
220 2. 50 80 7.05 2.49 = 1.03 2.51 20 7.08 2.499 7.067 2.494 70 7.065
311 2.13 30 T.07 2.13 m | 7.05 2.13 24 | 7.07 2,130 7.050 2.131 29 & 7.065
222 2.04 40 7.08 2.04 m 7.07 2.3 3z 7.04 2.040 T.066 2.039 27 T.063
400 1.767 20 7.052 1.75 m | 7.01 1.76 16 | 7.05 1.765 7.061 1.767 15 7.068
i3 1.623 10 7.075 1.62 w T.05 1.62 8 7.07 1.621 T.067 1.621 T 7.066
420 1.581 T0 T.071 1.58 s 7.06 1.58 3z | 7.08 1.580 7.066 1.580 24 | 7.066
422 1.445 40 1 7.078 1.44 m | 7.08 1.445 24 | 7.078 1.443 T.067 1.442 14 | 7.064
511 1.35% 9 7.060 1.36 o 7.07 1.361 5 7.070 1.360 7.067 1.3&0 3 7.067
440 1.250 10 7.068 1.25 - 7.06 1.240 3 T7.068 1.249 7.065 1.24% 2 7.065
5331 1.196 [ T.078 1.19 w | 7.06 1.196 3 | 7.078 1.1943 7.06586 1.1944 3 | 7.0662
600 1174 10 7. 046 1.18 m 7.11 1.178 a 7.070 1.1778 7. 0866 1.1776 5 70656
620 1.116 10 | 7.080 1.12 w | 7.09 1.11% 5 1 7.078 1.1173 7.0668 1.1167 3 | 7.0626
............. e | y=Smsm | o S | IR 11 I e e | |eemeeeer | koot || 28000000
TG B | PO ceme [|sosocso || coooooe 2o (| eomecs 1.082 2 7.096 1.0777 7. 0667 1.0779 1 7.0683
622 1.063 9 7.052 1.07 w T.07 1. 089 3 7.082 1.0653 7.0666 1.0650 3 7.0641
[ V% S (- coom || ciiEmeos 1.02 w| 7.05 | .~ S | p— S 1.0199 7. 0664 1.0195 1 7.0633
i R R S5 BEN 0,985 |ww| T.03 0. 992 2 7.084 0. 9896 T.0670 0. 9845 2 T.0664
640 | oanaa- deon | [Eetttr || S oo || cochd . 982 2 7.081 9799 T.0659 ] 3 7.0668
642 0.942 10 | 7.048 0,949 | m | T.10 [ ——co-. [ (U L9442 7. 0657 9442 4 | T.0657
[T 1 | P ceoe ||oosamms L927 | w | TL12 | e RN [P 2199 7.0662 9199 1 | 7.0659
800 | eomeea- =y | - eEEtagjgie I || o RN oo cmmm | mm———— 8833 7.0662 -8a31 2 7.0648
820 |- Ny | BTt b || oo o —eom || ommmmee 8568 7.0635 8569 3 | T.0662
BR[| occooos coos [Joooooo 0.842 | s ol ] foocooe cooe ||ooscoas 8328 7.0663 8326 1 | 7.0648
Average unit cell for
last five lines_____ T.057 | - -] 7.09 | . ——— T.086 |o-oeaa TO0660 | o |____. 7.0655
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Potassium iodide has the Nali struccure
[253],
cules to the unit cell, and space group 0}
(Fm3m}.

tigators are compared as follows (Finch and

face-centered cubic, with four mole-

Lattice constants of several inves-

Fordham obtained theirs from electron dif-

fraction measurements):

Init cell inm angstroms

1922 | Clark and Mwane [S0) ... __ 7,064
1923 |Davey [87) o .. 7,050
1924 {Havighurst, Mack, and Rlake [92]_____ 7.052
1925 | Olshausen [170] .o ..o ..o ... 7.040
1936 | Finch and Fordham [68)_______________ 7.078
1953 | Swanson and Tatge (25°C) o ________ 7.0655

The density calculated from the NBS lat-
1s 3.1257 at 25°C. The index
of refraction of the sample used by the Bu-

tice constant

reau was determined as 1 =1.4/68.

2.41. Caleium Fluoride, CaF, (Cubic)

Calcium fluoride {fluorite)is represented
in table 42 by four patterns reproduced 1in
the ASTM file (see table 1),
in the literature, Gerlach [78), and one pre-
pared at the NBS.

The sample of caleium {fluoride used for
the NBS pattern was prepared by D. C. Stock-

one appearing

Institute of
at the

barger at the Massachusetts
Technolegy. Spectrographic analysis
NBS

silicon,

showed arsenic, boron, iron, magnesium,
than 0,001 per-
cent each, and silver and copper less than
0,000l percent. '

The spacings of the Gerlach pattern were com-

and strontium less

puted for table 42 in angstrom units directly
Those
of the four remaining patterns, which appear
on the A3TM cards,
units to angstroms.

from the published Bragg angle data.

were converted from kX
Of these, only the Hana-
walt, RBinn, and Frevel pattern is known to be
previously published. As can readily be seen
from the unit-cell calculations of the table,
the precision of the Jessop-United Steel Com-

panies and the United Steel Companies pat-

terns fully justifies the use of four decimal
places in the high-angle part of the patterns,
arbitrarily abbreviated in the version of the
pattern given on the 1950 edition of the ASTM
cards. The British Museum pattern, appearing
only in the 1950 edition, is possibly abbre-
viated also. In performing this abbreviation,
the 444 interplanar spacings of the Hanawalt,
Rinn, and Frevel pattern should be given 0.79
rather than the 0.80 appearing on the card
(the published value appearing on the origi-
nal ASTM card is 0,789). The Gerlach pattern
of 1922 1is the only one to show a line for
the 200 plane; this, marked very very wesak,
may well be in error.

All patterns give the strongest line as
220,

111 and 311 lines the same intensity, record-

Two of the British patterns give the

i1ng these as second and third strongest lines;

the United Steel Companies pattern 1is com-
with 422 and 531
The Hana-
walt, Binn, and Frevel pattern and that of the
NBS list the three strongest lines as 220,
111, and 311.

It 1s difficult to get unoriented inten-
The perfect

cleavage of the 111 plane caused considerable

pletely at variance here,

listed second and third strongest.

sity measurements for CaF,.

variation in the first few of several pat-
terns made at the NBS. Only after diluting
the sample with finely ground silica gel and
drifting it very carefully into the specimen
CaF,

is one of the few materials in which the

holder were consistent values obtained.

question of orientation 1s critical in deter-
mining the strongest line for indexing, as in
most cases cleavage plane reflections are 1n-
herently the strongest. With CaF, the planes
of the 111 form, which bound the eight sides
of a cleavage particle, are easily oriented
The 220
is the strongest reflection in an unoriented
Flat
counter equipment will without extraordinary

to produce the strongest reflections.
specimens prepared for Geiger-

sample.

precaution invariably show the 111 as the

strongest indexing line.

63

73



The structure was determined by W. H. Bragg

cubic, the space group D: (Fm3m), with four

[30] in 1914. The lattice is face-centered molecules to the unit cell. Published lattice
Uit cell, angstroms constants, supposedly in kX units, were con-
. verted to angstroms and are compared with
1922 | Gerlach (78] 5.466 il P
1927 | Thile [221] 5.55 ) ) : )
1930 | Rumpf [198) 5. 460 The density of calcium fluoride, in ac-
1933 | Schumann [208] ... _____ 5. 462 cordance with the NBS lattice constant, is
1939 1 Zint] and Udgard [26?:)] """""""" 5.479 3.181 at 25°C. The index of refraction of the
1952 Swanson and Tatpe (25°C)___ .. 5.4626 .
sample used for the NBS pattern 1s n=1.433.
TabLe 42, Calcium fluoride, CaF, feubic)
1922 1938 vy — — 1953
Gerlach Hanawalt, Rinn, Jessap United Stesl British Museum Swanson and Tatge
hkl and Frevel United Steel
Cu, 1.5405 A Mo, 0.7093 A Mo, 0.7093 A Mo, 0.7093 A Cu, 1.53405 A Cu, 1.540% A, 25°C
d I [+ a I a a I o a I a d I a fid I a
A A A A 4 A A A A A A
111| 3.15 m 5.46 3.17 67 | 5.49 3.154 70| 5.463 3.153 0| 5.481 3.11 80| 5.39] 3.153 94 | 5.461
2000 2.74 [wvw | 548 | --_- I ] I—— RV [V R ot e i Rl e 4 I N
2201 1.94 ] 5.49 1.93 100 § 5. 48 1.932 1040 | 5.485 1.931 100 | 5.482 1.90 ) 100 [ 5.37 } 1.931 100 | 5.462
311| 1.65 5 5. 47 1.65 50 [5.47 1.647 70 | 5.462 1.646 70 | 5.459 1.63} 80 [5.41 ] 1.647 35 | 5.462
222 | - oo || cooeo || comeo | | p— R -y _TTED o | e | aeee | 1LBET 2| 5.463
400 | 1,37 m 5.48 1.37 23 [ 5.48 1.366 40 | 5.464 1.365 60 | 5.460 1.36 60 | 5.44 | 1.366 12 | 5.464
331 1.28 ms | 5.45 1.259 | 23 |5.488 | 1.254 50 | 5,466 [1.253 60 | 5. 462 1.25) 60 5.45 | 1.253 10 [ 5.462
4221 1.12 s 5.49 1.11% 30 [5.482 | 1.1153 70 (5.4639 | 1.114 90 | 5,457 1.11 R0 | 5.44 | 1.1150 16 | 5.4624
311 1.050 | ms ! 5.456 | 1.052 | 10 5.466 | 1.0515| 50| 5.4638 | 1.0510 | 70} 5.4612 | 1.05| 50 5.46 | 1.0512 T [5.4622
4401 0,964 | ms | 5.453 | 0,970 615 487 | 0.9659 | 50| 5. 4640 | 0.9654 | 7O 54610 ____ | --. | ---- | 0, 9657 5| 5.4628
531 924 1 s 5. 466 927 T 5.484 9236 60 | 5. 4641 .9231 901 5. 4811 | caol | can | o .9233 71 5.4623
600 .o oo || omoce || ccoee coe [ omone || cocons el .9101 SO | 5.4606 | ccom | cas | oo 9105 1] 5.4630
620 | 0.863 | ms | 3.458 | 0.868 515.490 | ______ LI | [ | pe—— coo || oo oo || ooo || comad B&3T 0] 5.4625
533 .833 | ms |5.462 . 837 2 5. 489 |- com || commms || commes a2 | PR & O || oo . B330 3 5.4623
443 .. ] — .791 15.480 ¢ ____._ S | JEEacT| T | || o P | [ o e || cmcman
i | O — = B .T69 2 15.49]1 .. | ] p—— [ v || cme || cese || coomes e U
642 | . Ao || oEeees . 132 515,478 |- e | e || R NP e | e | mmem | e — 1
731 oo | S .T14 315,484 | oeen | cee | e NS (P [ e || ooo || coan || cooaea e (| aooose
822 - oL | (R 645 1 }5.473 | . i ] YESEVEGEVEGH] PRV VIV ST S e | e | e | m e | -
Average unit
cell for lasc
e 1Aesae || Gt e e [5.481 oo N L PP N — e {15 4610 [ oom [ o [ 54t o -—- | 5. 4626
1 Average for last four lines only.
2.42. Barium Flueride, BaF, (Cubic) The NBS sample was a specially purified

The two ASTM patterns of barium fluoride
(see table 1) are compared in table 43 with
one of two published by Broch, Oftedal, and
Pabst [37], of which the more nearly complete
is given in the table, along with a pattern

made at the NBS.

T0
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material supplied by the Mallinckrodt Chemi-
cal Works. Their spectrographic analysis
showed 0,0l to 0.1 percent of sodium and
strontium.

The interplanar spacings for the Thilo
and for the Broch, Oftedal, and Pabst patterns

P———



were computed for table 43 directly in ang-
stroms from the published Bragg angle data.
The Hanawalt,
converted to angstroms from kX units,

Binn, and Frevel values were
Far
the Thilo pattern the values of the unit cell
for the last tea lines are within 0,005 of
each other, 1indicating that the interplanar
spacings are accurate to the third decimal
Only the
second place is recorded on the ASTM cards
of both the old and new {1950) files. The

first three spacings of the Thilo pattern as

place 1in this part of the pattera.

they appear on the ASTM card are calculated
values to fit the unit cell dimensien based
The in-
teasity measurements published by Thilo and
ASTM card are both

on the high angle diffraction lines.

those recorded on the

given in the table (columns I* and I®). The
Hanawalt, and the NBS

measurements agree relatively well; the three

RBinn, and Frevel,
strongest lines of both patterns are 111, 220,
and 311.

Barium fluoride has the fluorite struc-
ture, a face-centered cublc lattice, space
group 0: (Fm3m), and four molecules to the
unit cell. Several published lattice con-
stants, assumed to be in kX units, compare

with the NBS value thus:

Uhit cell, angstroms

1922 fBavey [ 560 oo 6.21
1927 Thilo [220) .. 6.21
1933 FSchumann [208) . .. 6.199
1953 Swanson and Tatge (26°C)___________ 6,2001

TapLe 42. Barium fluoride, Ban fcubic)
1927 1929 1938 1953
Thile Beoch, Ofcedal, and Hanawalt, Rinn, and Swanson and Tatge
'P
al abs T Frevel

Cu, 1.5405 A Cu, 1.5405 A Mo, 0.7093 A Cu, 1.5405 A, 26°C

4 LN (et a a ! a d I 2 d ! a

4 4 4 4 4 4 A 4

111 3.6l m 70 6.25 { ememme b et 3.59 100 6.22 3.58 100 6.20
200 3.12 w LTV (-5 ¥ W (R [N U 3.10 25 | 6.20 3.100 30 | 6.200
220 2,206 3 100 6.240 2.194 ES 6. 205 2.19 100 6,19 2,193 79 6,203
311 1.875 E 100 6.219 1. 868 5 6,195 1.86 £0 6.17 L.870 51 6,202
222 1.798 w 50 6.228 1.789 6. 197 1.78 15 6.17 1.790 3 6201
400 1.553 w s0 | 6.212 0| _____f{_______ 1.55 15 6.20 1.550 & | & 2000
331 1,426 3 0o | 6.216 | 1.420 s 5.190 1.423 32 6.203 | 1.423 13 6.2027
420 1.392 m 0 | 6.225 | 1.385 m 6. 194 1,385 18 6.194 | 1,388 6 6.1983
422 1.258 S 100 6.212 1.264 m 6.192 1.265 32 6,197 L.266 14 6.2021
511 1.1%5 s 100 6.209 1.192 m 6. 194 1.192 20 6.194 1.1%33 & 6. 2006
440 1.098 » 50 | &.211 | 1.094 w 6.198 1,097 5 5.206 | 1.0959 2 | 6.1993
531 1.050 s 100 | 6,212 | ccooom | moiin | o 1.047 15 | 6.194 | 1.0481 6 | 6.2006
600 1.035 " T0 | 6.210 | .ooioin | aoe | ameeaae 1.033 3| 6.198 | 1.0332 1} 6.1962
20 0.981 s w0 | 6.204 ||| __ 0. 980 6 | 6.198 | 0.9803 2 | 6.2000
633 547 m Wi GBI || c-romca || ezcce ||omoaaa— 946 3 [ 6.203 9455 1 | 6.2001
622 917 m | 6213 | o e [ .935 2 | 6.202 L9347 3 | 6.2001
EEV R U [P DUV (NI I IR PR RN U I ,8948 1 6.1994
711 0. 869 5 100 6.204 | oo ammee | oo 0. B68 3 6.199 . BRE2 4 6., 2002
640 .861 m 70 | 6.200 oo |eooes |amomaas .861 2 | 6.209 8599 1 | 6.2008
(5 R (U (N [PSpu S, | PR | p— 920 5 1 6.204 L8285 5 | 6.1990
b1 U PRSURURUR [ (PRI PSR SRR R RUDURUR IR SRS [ L BOT2 [ 6. 2002

Average unit cell for lasc five
lines_ _ o _______ G208 | cmeeal} el 6,191 | |- 6,203 [N 6. 2001
®Pyblished, PASTM card
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The lattice constant (6.20) given on the
ASTM card for the Thilo pattern 1s that of
Thilo and anot, as designated, of Wyckoff
{written "Wys" in errar for "Wy,", Wyckoff,
vol. 2). The density calculated from the NBS
lattice constant 1s 4,886 at 26°C. The index
of refraction obtained for the sample used is
n=1,472.

2.43. Mercurocus Chloride, H,gzﬁlL2 {Tetragonal)

Four ASTM patterns of mercurous chloride
{calomel) {see table 1)} are compared in table
44 with a pattern prepared at the NBS using
a sample from the General Chemical Company,
labelled No. 1891.
sis made at the Bureau indicated only traces

The spectrographic analy-

TaBLE 44. Mercurous chloride, Hg2012 ftetragonal)
1925 1926 1928 1938 1953

Havighurst Hylleraas Aaff, Ebert, Hanawalt, Ripn, S«anson and Tatge
bkl and [uft and Frevel

Mo, 0.7093 A Fe, 1.9360 A Cu, 1.5405 A Mo, 0.7093 A Cu, 1.5405 A, 26°C

a I a I 2 i e a I d I

4 4 4 4
101 4.13 L] 4.13 a0 4.05 s a0 4.17 100 4,14 97
110 3.1% 100 3.163 100 3.129 ¥s 100 3.18 100 3,164 100
103 2.906 10 2.849 H || ettt || cocoadl| eoaoas 2.84 8 2.824 g
004 2.718 30 2.717 40 2.688 ver 2n 2.73 30 2,727 23
200 2.234 20 2.233 48 2.215 ms 0 2.24 20 2,242 23
114 2.061 50 2.071 an 2.043 m 60 2.06 60 2.055 53
211 1.970 38
105 1.959 70 1.959 100 1,940 ¥s 100 1.97 80 1962 47
2113 | P | 1.748 1 | [ [ (P | (N | P 1.755 1
204 1.73L 20 i, e 50 1.714 m 60 1.73 35 1.731 16
220 1.578 15 1.57¢ 30 1.562 5 a6 1.58 a 1.584 10
301
915 } 1,472 25 1.473 30 L. 460 m 50 1.4B1 40 1,475 15
310 1.413 8 1.411 40 1,403 " 60 1.420 16 1.417 4
224 1.380 8
008 1. 366 15 1,367 50 1,356 w 60 1.269 16 1.365 4
314 1,257 5
118 } 1.254 20 1.253 BO 1.246 e 50 1,263 20 { 1.253 s
321
305 1.231 8 1.231 50 1.220 - 50 1.23% 6 1.233 3
109
208 1.167 15 1.168 A0 1,160 w 49 1.173 16 1.1694 g
400 | |- 1.122 (N I S 1.129 2 1,1179 <1
411
325 1.079 6 1.079 60 1.071 P 50 1.085 6 1.080] 1
2330 | oo | o 1.054 10 1.050 - G 1.062 2 1.0652 <1
219
404 1.03% 15 1,036 100 L.028 m 0 1.040 14 1.0362 3
228
VT I R DR NN I Y S S 1.005 b I I
334
318 0.983 T | | p— 0.978 e 50 0.989 2 0. 9823 1
/ST | U | S| — SUIUEN NI AU, IR B, 108 NS e . 9723 1
309
474 0.938 [ 3 [, [P 0.936 m 50 0,944 2 . 9404 1

& published. BASTM card,
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of Cu and Fe, and faint traces of Al, Mg, and
S51; the limit of detection of the alkali ele-
ments 1is about 0.05 percent.

The Havighurst [90] pattern was made with
molybdenum radiation for which a wavelength
of 0.710 angstrom was given. The interplanar
spacings were canverted to the angstrom unit
with the change in
The

Hylleraas [112]) spacings were published as

used here 1in accordance

wavelength assigned to the radiation.
Bragg angle measurements, and were converted
te interplanar spacings directly in angstroms
for table 44. The spacings of the Buff, Ebert,
and Luft [196]
Frevel [B5) patterns were measured in kX
The
NBS pattern resolves three lines not sepa-

and the Hanawalt, Rinn, and

units, and were converted to angstroms.

rated in previous patterns, resulting in a
different selection of the three strongest
lines. Where previocus patterns had always in-
cluded the combined 211-105 among the ASTM
index lines, although not always in the same
position, the NBS pattern shows the 110, 101,
and 114 lines first, second, and third strong-
est, respectively.

Mercurous chloride has a tetragonal lat-
tice, space group D:; (I4/mm) [143], and two
The
lattice constant ¢ was determined for the NBS

samp le

molecules of Hg,Cl, in the unit cell.

from an average of five calculations
from hk0 planes, ¢ from an average of five
calculations from Ak! planes with O or low h
and k values. These are compared with earlier

determinations thus:

Unit cell wn angstroms

fu 1 [
1925 | Havighurst (90). o 4,48 | 10,91
1926 | Mark and Steinbach []43] ............ 4.45 10,91
1946 | Frevel, Rinn, and Anderson [75]-.._. 4.47 |10.91
1953 1 Swenson and Tatge €26°C) .o .- 4.478 | 10.91

The density from the NBS lattice constant
is 7.176 at 26°C.
were not measured on the NBS sample.

The indices of refraction
Havig-
hurst refers to the birefringence as the
strongest known, and quotes values for the in-

dices: «; =1.97325 (which is miscopied on the
ASTM card as 1.97525) and € =2.6559.

2.44. Mercuric Chleride, HgCl, {Orthorhombic)

The two patterns for mercuric chloride in
the X-ray diffraction file of the ASTM (see
table 1} are compared in table 45 with one
The Hana-
walt, Rinn, and Frevel pattern, omitted from

recently prepared at the Bureau.

the original ASTM index, is included in the

1950 index. In the original index the index
lines of this pattern (the three strongest
lines 4.35, 3.00, 2.70) are mistakenly as-

The NBS
pattern was obtained from a J. T, Baker Chem-
ical Co. sample numbered 101742.
graphic analysis at the NBS

signed to mercuric chlorate [1].

Spectro-
showed no impu-
ity greater than 4.0l percent.

The data of Brakken and Harang were pub-
lished as a table of hEl
values, and intensity values visually esti-

indices, sin?#

mated. For table 45 the sin?f values were
converted to interplanar spacings, nsing the
iron radiation wavelength 1.93597 A. The
spacings of Hanawalt, Binn, and Frevel were
converted from kX units to angstroms. The 120
line is the strongest for all three patterns.
The second strangest is the 200, but this
line is net resolved from the 031 line by
Hanawalt, Rinn, and Frevel, so that their in-
tensity measurement is a combination of the
The 011 and 111 are third
and fourth strongest in the lHanawalt, Rinn,
reversed for the NBS

pattern. The difference in intensity is prob-

two intensities.
and Frevel pattern,
ably too small to be significant; it 1is not
due to tlie radiation used, as the conversion
factor for molybdenum to copper radiation is
close to 1 in this range ([1] page 108 of in-
dex covering original set of cards, or card
no. vii of introduction to 1950 file).

In indexing the pattern the unit-cell di-
mensions were taken 1in the Dana convention,
c<a<b, althongh the reverse order is some-
times given. The unit cell dimensions pub-
lished in 1934 by Braekken and Scholten [27]

converted from kX units to angstroms compare

[
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thus with those derived from the NBS pat-

tern:

Unit cell, angstroms

a B c
5.975 | 12.761 | 4.334
5.96 12.7a 4.32

Braekken and Scholten [ 27 ]__
Swanson and Tetge (26°C)_ ...

1934
1951

The presence of hk(Q lines only if k is
even, and hl lines only if h +1 is even,
agrees with the generally accepted orthorhom-
bic space group determination D}f (Pumnb) for
the crystal orientation used here. The den-
sity of the material, calculated from the NBS
is 5.49 at 26°C. The in-

dices of refraction are higher than 1.75.

lattice constant,

TasLe 45. Mercuric chloride, HgCl, {orthorhombic)

1028 1938 1953
Brakken and Hanawalt, Rinn, | Swanson and
Harang and Frevel Tatge
kil
Fe, 1.938 A Ma, 0.709 A Cu, 1.5405 A,
26°C
d I 4 I d I
A A A
120 4.34 vs 4,36 100 4.35 100
0l1 4.08 5 4.11 25 4.10 38
21 3.57 wf o) oo 3.58 3
101 3.488 L IR I 3.51 1
111 3.36R s 3. 81 38 3.383 31
D40 3.172 L] 3.2]1 13 3.188 - 11
121 3.056 wo | o] e 3.066 2
131 i.me w 3,033 21
200 | 2976 | s }3'01 R {2‘955 28
131
2.6 b ;
220 } 92 B 2.70 50 2.707 36
211 2.403 m 2.41 23 2.420 14
141 2.348 wo oo 2. 38R 2
221 2.281 L U I 2,297 4
051 2.194 T || casscos || comee 2.202 2
002 2.158 v 2.18 13 2.182 6
02
231 2.120 m 2.12 25 2.132 9
060
151 2. 056 m 2.06 25 2.065 13
112 1.997 m 2.00 50 2. 004 16
241 1.929 m 1.94 25 L. 940 11
051 1.895 w 1.90 13 1.90%
132 1.829 7 || cocaoss || cosoo 1.837 1
301 1. 806 L2 S (R 1.810 1
042
. 1.7 .
i } 84 L] 1.79 13 1.791 &
251 1.762 L IO R 1.769 4

4
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TABLE 45. Mercurig chioride, HeCl,
forthorkombic) —Con .

1928 1938 1953
Brakken and Hanawalt, Fion, Swanson and
Harang and Frevel Tatge
hEkl
Fe, 1.936 A Mo, 0.709 A Cu, 1.5405 A,
26°C
>3 I d I d I
A A A
202 1.745 vw | | e L.765 1
071 1.674 T7 |} comete || ooben 1.681 <1
331 1.658 L 1.687 13 1.666 4
052 1.643 N (REPE | R 1.633 <1
(237 | [S——— 1.62 13 1.619 3
080 1.589 m 1.59 13 1.595 1
341 1.589 woo| | oo 1.572 1
180 1.531 m 1.54 13 1.5392 2
081 1.489 L2 (R 1.49% 1
312 | e | meee- 1.455 13 1.454 4
L) T N [ [ 1.431 1
1127 SR (R cmman || sooooos || sonoe 1.406 3

2,45, Mercuric lodide, HgIl, {Tetragonal)

The ASTM file of diffraction patterns
contains three cards for mercuric iedide (see
table 1) of which one {No. 3-128l} records
only unit cell measurements. The patterns of
the other two are compared in table 46 with a
pattern prepared at the NBS.

The sample used for the NBS pattern was
from Mallinckrodt Chemical Works, and was
stated to be of ACS purity. Spectrographic
analysis at the NBS shows a trace of iron and
faint traces of calcium, chromium, magnesium,
and silicen.

The interplanar spacings of the Havig-
hurst pattern were reduced to angstroms in
accordance with the wavelength given for the
X radiation. The spacings of the Hanawalt,
Rinn, and Frevel pattern were converted to
angstroms from kX units. The line 200-114-201
is not resolved in the ASTM patterns, and
appears very strong—even stronger than the
200-114 and 201 combined for the NBS pattern,
Thus

strongest line, and in the Hanawalt, Rinn, and

in the Havighurst pattern this 1s the

Frevel pattern it 1s equally as strong as the
102. The NBS pattern shows the three strongest
lines as 102, 101, and the combination 200-114.



TABLE 46, Mercuric todide, ]'I;.;I2 {tet+agonal)

1925 1938 1953
Havighurst Hanawaly, Hann, Swanson and
and Frevel Tavge
hil
Mo, 0.7093 A Mo, 0.7093 A Cu, 1.5405 A,
26°C
2 I d I [ I
A A 4
002 6. 1B6 40 6.2 30 6.20 28
101 4.112 44 4.12 a0 4.12 83
102 3.559] &0 3.57 100 3.57 100
004 | ooemoo- SN N S| 3.091 8
103 3.003) 20} 3.01 30 3.008 39
112 2.7531 25 2.7% 40 2.766 42
104 2.520 B || ctcenes|| coocoos 2,533 4
200
2,190 73
114 } 2,181 100 | 2.18 100 }
201 2.165 9
202 2.075 7
i } 2.081| 8| 2.05 12 { i s
1 1.4231 10| L1.92 14 1,432 13
203 : : N
212 1.873 12
106 } 1.861| 25| l.86 25 { 1.B64 17
213 1.761 8| 1.76 10 1.770 8
116 | cevenes coo 1] coocaos || oooooos 1.719 1
214 1.654 3
205 1. 645 6| 1.85 [ 1. 648 3
107 1.644 1
220 1.556 5
008 1.539| 10| 1.54 12 1.545 9
215 1.540 &
222 1.498 T1 1.50 8 1.50 5
206 } .4 o L9004
300
108 1. 453 & || corosss]|] ccseaea } ot 2
ol 1,447 2
302
216 } 1.415 9| 1.421 6 1.423 5
311
303 1.374 3 1.374 4 1.374 2
207
312 1.342 6| 1.349 4 1.349 4
313 } { 1.317 1
217 1.312 51 1.317 4 }
1.315
109 N
314 1. 267 4
208 1.259 10 1.263 14 1. 253 8
305 1. 260 5
226
0°0°10 } 1.235 d | eccosee || comooes 1.23% 2
218 £ 1.217 1
321 1.215 B || commmna | commame
Yame |

TapLE 46. Mercuric iodide, Mgl, {tetragonall—Con.

1925 1938 1953
Havighurst Hanawalt, Binn, Swanson and
and Frevel Tatge
kil
Mo, 0.7093 A Mo, 0.7093 A Cu, 1.5405 4,
26°C
4 I d I d I
A 4
322 | aooao (RN [N 1.1914 1
30h
1°0° 10 } 1.187 |3 [RPUSISRRE B 1.18%8 3
323
209 } ...... PO | SURERR GRgig - () 1.1621 2
ils 1. 155 [17) [ D 1.153% 3
1110 | cca_ RV R IR —— 1.1423 1
I | e [ e r—— 1. 130%
o } 1.124 5 1.1283 <1
219 |f T} | TTTTTTTQ| T i
400
298 } ...... AT . DU 1. 0954 -
401
325
317 1.088 8 || ceosamn|| abococa 1. 0924 3
10711
411
403 } ...... RPN U 1.0562 1
412
326 } 1.044 30 (RIS 1.0456 2
2:1°10
413 | ooo-- U ORI R 1.0272 1
332 | emaoes oo || caoscen|| aontaca 1.0169 1
420
334 } 0,976 il TR R, 0.9774 2
1-1-12
422
406 | y__-_. [T RN R L9661 1
2°2°10 }
336
371710 } 0. 920 3 [, SO —
505
339
2°11 .81 7 [ I . S
4+0-10
2014

Mercuric iodide belongs to the tetragonal
system. It has a space group of Di: {P4/nme)
(15), with two molecules in the unit cell.
The enit cell measurements derived from the
NBS powder pattern are compared below with
those of other workers after conversion to

angstroms from kX units:
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Uit cell, in angstroms

a c

1526 | Bijvoet, Claassen, and Karssen [15] 1 4.366] 12,38
1927 | Huggins end Magill [99] .. ... 4.35 | 12.38
1953 | Swanscn and Tavge (26°C)__.___ ... ... 4.390| 12.38

The density on the basis of the NBS de-
termined unit cell is 6,325 at 26°C.

2.46. Lead Fluochloride, PhFCl {Tetragonal)

The 1950 ASTM X-ray diffraction file 1in-
cludes two patterns for lead fluochloride
{see table 1); one, of natural matlockite, is
from the mineral type locality of Matlock,
Derbyshire, England, furnished by the British
Museum (Natural History), London; the other,
from synthetic material, was first published
In 1933
Nieuwenkamp [162] compared patterns of mat-

in 1932 by Nieuwenkamp and Bijvoet.

lockite, whose formula was then given as
Pb,0Ci,, and synthetic PbFCi, showing their
In table 47 the two ASTM patterns

are compared with one prepared at the Bureau

identity.

from material of high purity obtained from
the NBS chemical laboratory. The sample had
been prepared as part of a project for the
precise determination of fluorine,

The data pubiished on the Nieuwenkamp and
Bijvoet pattern do not inciude interplanar
spacings; for table 47 they were calculated
directly in angstroms from the sin2@ values
listed. -The
British Museum pattern,

interplanar spacings of the
presumabiy in kX
Although
the interplanar spacings of the patterns

units, were converted to angstroms.

check closeiy, the intensity measurements
The NBS and British Museum patterns
agree that 101 is the strongest line, but the

vary,

Nieuwenkamp and Bijvoet pattern shows the
last line {3i2)
and third strongest in ciose proximity.
002,

pattern,

with the second
The
the second strongest line of the NBS
The
third and fourth strongest iines of the NBS
pattern appear as second and third strongest

strongest,

is unresolved 1in the others.

in the British Museum pattern.
Bannister [5] in 1934 gave the structure
as tetragonal, space group le {P4/nmm), and
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postulated two molecules in the unit cell. A
Nieuwenkamp and Bijvoet determination of the
lattice constant, converted to angstroms,

compares thus with the NBS value:

Unit cell anpstroms

a oy
1932 | Nieuwenkamp and Bijvoet {164 ]--____. 4.09 | .21
1951 | Swanson end Tatge {26°C) oo 4.106 | 7.23

The density, in accordance with the NBS
lattice constant, 1s 7.1i3 at 26°C. The NBS
sample was too finely powdered to determine

the indices of refraction; Bannister found

wp = 2.145, &, = 2.006.
TanLe 47. Lead fluochloride, PbFCI (tetragonal)
1932 cooe 1953
Nieuwenkamp British Swanson and
and Bijveet Museum Tatge
hki
Cr, 2.2896 A | comcocaaoao. Cu, 1.5405 A,
26°C
d i d I d I
4 4 4
001 | coceoo | aaaos T.2 40 7.22 20
002 | cceamon | e Femmema fomaee 3.61 T0
101 3.8 48 3.55 100 3.56 100
114 2.905 28 2,90 T0 2.904 47
102 2.719 26 2.70 70 2,714 35
003 2.410 [ 2.40 20 2.409 6
112 2.262 51 2.25 :1i] 2.263 38
103 2.074 20 2.07 70 2.4079 14
200 2.052 34 1.5% 50 2.053 24
201 1.954 23 1.96 40 1.974 1
113 1. 852 17 1.84 60 1.855
004 | | e e 1.808 1
211 1.780 66 1.77 80 1.780 36
104 1.654 40 1.65 70 1.654 11
212 1.635 28 1.63 60 1.637 7
203 1.560 14 1.558 20 1.564 1
213 1.462 31 1.461 £0 1.461 4
220 | ceeee-- s || ceooans || omono 1.452 3
005 1. 447 34 1.443 69 1. 448 1
221 1.417 3T | Py | N | PN | ———y
105 1.383 W || cocmeee ||oooms | cosoooos || cmemee
222
. o 1] 1.345 3
101 }1 344 66 1.343 6
310 1.298 5 TN | PSSR | DRSS 1.299 4
NS || comcome || aomes || ceemene ||ooass 1.293 B
214 1.285 B | oo aoaaa | 1.289 5

!



TapLe 47. fead fluochloride, PHFC]

(tetragonal) ~Con,
1932 cooo 1953
Nieuwenkamp British Swanson and
and Bijvoet Muse um Tatge
hkl
Cr, 2.2896 A | ccommmeeees Cu, 1.5405 A,
26°C
4 I a I d I
A A
02 1.281 17 1.276 0 1.281 1
311 : : i
pr-: T [ [, 1.240 20 1.244 1
312 1.220 100 1.222 60 1.223 2
(1717 S R PR [FOR 1.2041 1
302 | mmmea | e e e | e m 1.1911 2
205 | oo | e 1,181 60 1.1826 2
106 |- ) ool 1.156 &0 1.1565 2
<3 I T R 1.142 40 1.1443 1
b - S RN ISP (P [P 1.1386 1
321 | e | amea- 1.126 50 1.1254 1
A || ccocoms || aceee || ccecoos || oo 1.0922 1
7o' S I 1.089 50 1.08632 1
.5 N (U U [ R, 1.0300 1
400 ) oo - 1.027 60 1.0265 1
216 USRI [ LS 60 1.0078 2
[T (VN SO [ [P 0.9872 2
Wy || czsooez || comee || somcaae || 2===—< .9735 1
330 | remf mmmmm | mmmmemn | amaen 9664 2
3 cooomms || emcoo || comoooe ——— L9639 1
L1 - ISR (R DR L9608 2
2 (7| P P | " | .9223 1
L I N SNORSPP P RO R, . 9203 1
M) || cosooos || cecee || seema=c || =o=== L9185 1

2.47. Potassium Cyanide, KCN (Cubic)

The card file of diffraction patterns of
the ASTM contains three cards for potassium
cyanide (see table 1}). Only two of these give
patterns, the third [3-1299]) recording only a
unit cell dimension. In table 48 the two pat-
terns are compared with one produced at the
NBS. The NBS pattern was obtained from a
Mallinckrodt Chemical Works sample marked lot
GNB. An analysis furnished by the chemical
laboratory of the NBS follows (in percent):
Cl, 0.05; PO,, 0.005; 30, (total 8), 0.005;
Fe, 0.03; Pb, 0.0000; Na, <0.05.

For table 48 the spacings of both ASTM
patterns were converted from kX to angstrom
units. The table shows the published inter-

TABLE 48. PFotassium cyanide, KCN (cubic)
1931
Natta and Passerini
hkl
Fe, 1.9360 A
a ab I ™ 2
A A A

111 3.656 3.77 m 60 6.333

200 s 3.177 o I vE 100 6.355
....... 2.598 2.67 i 20 ey

220 2.263 2.31 ¥s 100 6. 400
....... 2.137 2.17 e 20 e

311 1.939 1.970 ms 70 6.431

222 1.862 1.886 ms 70 6.449

400 1.618 1.632 s 50 6.473

33l 1.486 1.498 o 60 &6.477

420 1,454 1.461 m &0 &.502

422 1.330 1.334 m 60 6.514

511 1.255 1.255 &0 6.519

531 1.102 1.102 m 60 6.521

GO0 | cm ol | o miiae | e | mmmmman | mmmeeee o

B20 | cecceecee | cmrmcemee | mmmeeme | cmemmme | e an

3 (N [ IR [

3 0 R IR JSPIPRR S [PIpIRIUR (I R
Average unit cell for last five limes._________ 6. 507
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193¢ 1953
Hanawalt, Binn, and Frevel Swanson and Tatge
kRl
Me, 0.7093 A Cu, 1.5405 A, 25°C
4 I a d I a
A A A A

111 3.78 10 6. 54 3.77 17| 6.53
200 3.7 100 6.53 3. 260 100 | &, 520
220 2.31 63 6.52 2,307 36| 6.525
311 1.96 13 6.51 1.968 11| 6.527
222 1.58 10 6.52 1.885 1y 6529
400 1.63 [ 6.53 1.630 21 6.520
331 1.496 [ 6.521 1.494 4] 6.523
420 1.461 9 6. 330 1.458 4| 6.522
422 1.330 5 £.514 1.332 z| 6,524
311 1.255 3 6518 1.256 1| 6.527
531 L1602 1 6.521 L.1036 1| 6.529
GO0 | e ei s | mmiman | mmmmmamaa 1. 880 1] 6.528
620 | oo | e | e 1.0321 1| 6.528
622 | e | e | o= 0.9837 1| 6.52%
734 [ U SRR R L9140 1| 6.527

Average unit cell for last
five lines ocoomooooaaaao 6.521 | cmea-- - | B.53V
1
* Published data. b As recorded on ASIM card.
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planar spacings of the Natta and Passerini

pattern as well as the version given on the
ASTM card, which is recalculated from a unit
Two of

extraneous Lo

cell derived from the last two lines.
the lines of this pattern are
the Nall structure postulated for potassium
cyanide and are not indexed. The three strongest
lines are the same for all patterns-—200, 220,
and 311. )
Potassium cyanide has the NaCl structure

[159]

centered cubic lattice, and four molecules to

with a disordered CN group, a face-

Unit cell measurements have
A few,

verted to angstrom units, are given below:

the unit cell.

not been of very high accuracy. con-

Uit cell in angstroms

1921 | Couper [53) . o _| 6.55
1922 | Bozersh {22] ... 6.56
1931 Matcta and Passerini [159 ). .. 6.51
1953 | Swanson and Tatge (25°C)-cocooaoao- 6.527

The density calculated from the NBS unit

refraction determined on the NBS sample is
m=1,413,

2.48. Sodiuam Cyanide, NaCN {(Cubic)

The ASTM file contains two cards for the
cubic form of sedium cyanide (see table 1),
the patterns of which are compared in table
49 with a pattern prepared at the NBS. The
NBS sample was obtained from the J. T. Baker
Chemical Company; it was numbered 121444, The
chemical laboratory of the NBS reports that
the material satisfies ACS standards, and
gives the following analysis (in percent):
NaCN, 96.2; . 0.02; FeCN, 0.00; SG,, 0.00;
S, 0.003; Thiccyanite, 0.02; Remainder (.‘J’.:'i3 and
H,0.

The spacings of the ASTM patterns were
for the
The Natta and Passerini pattern lists

I
L

corrected from kX to angstrom units
tahle.
several reflections extraneous to the face-
centered cubic structure pestulated for sodium
cyanide. In order to record this pattern on
the ASTM card, a unit cell of 5.83 was cal-

cell value is 1.555 at 25°C. The index of culated from the interplanar spacings of the
TasLE 49. Sodium cyanwde, NaCN feubtc)
1931 1938 1953 -|
Natca and Passerini Hanawale, Bina, Swanson and Tacge
and Frevel
hkl
Fe, 1.9360 A Mo, 0.7093 A Co, 1.5405 A, 28°C
a® a? 70 i 2% 2 I 2 d I a
4 4 4 4 A 4 A
111 3.300 3.38 m 60 5,715 Jemcmmcmae | mmmmmen | mmmmaaas 3.41 1 5.90
200 2.872 2.93 s 100 5.743 285 100 5.8% 2,951 100 5.902
....... 2,572 2.62 vEw 10 e O | 8 = || scccomoo || comstmenas
_______ 2.352 2,3% v 20 ESIT R PSRRI | [ softmms | [Socoooaos |Peaeccce MRS B || coccccmooe
220 2,044 2.06 vs 100 5.782 2.07 53 E.86 2.085 a5 5.898
------- 1,930 1.94% vw 20 et oo ||omsoeomon | cooosos || ceosseses || ccooosooas || cocooos || soosecsees
....... 1.835 1.850 ™ 20q bosmmmmen |[eeosctees || ccccmoe || cemmmmros ||cocccsscac || cocooos || eononooscs
311 1.752 1.762 m 50 5.809 1.77 T 5.88 1.779 10 5.901
222 1.677 1. 686 m 60 5.811 1.69 9 5.86 1.702 6 5.897
------- 1. 609 1.619 vvw 10 IR R || oo || emeeEicon || cooaagsooo || coosoan [loscsssesce
400 1. 455 1.462 mw 50 5. 820 1.47 5 5.89 1.472 3 5.888
331 1.339 1. 341 .0 S0 5.835 1.352 3 5.892 1.352 2, 5.855
420 1.306 1,306 m 60 5.839 1.318 5 5.493 1,314 4 5.895
422 1.191 1.191 mw 50 5.837 1.202 1 5.891 1.202 1 5.890
511 1.126 1.126 mw 50 5.852 1.135 1 5.899 1.1347 1 5. 8961
Average unit cell for last five lines____.___ L9 v A [ TV IR U DU 5.893

2Published data, “As recorded on ASTM card.
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“Refers to spacings of d* column,

dA\rerage for last four Lines only.




last three planes, and from this value the re-
maining spacings were recalculated, including
the five lines which do not belong to the
NaCN pattern. In the table both the origi-
nally published and the ASTM versions of the
The NBS Geiger-counter

diagram for sodium cyanide showed extraneous

pattern are given.
lines due to sodium carbonate and the strong
line of the orthorhombic form of NaCN. These
were not listed in the table. All three pat-
terns list 200 and 220 as the first and sec-
ond strongest lines. The intensities of 311
and 222 are very close-—the earlier patterns
show 222 as the third stromngest line, while
the NBS pattern shows 311 third strengest.

The room temperature form of sodium cya-
nide is face-centered cubic and has four mole-
cules to the unit cell—that is, NaCl struc-
ture [159] with disordered CN group. Some
recent lattice constants, corrected from kX
to angstrom units, compare with that deter-
mined at the NBS as follows:

{hit cell in ongstroms

1931 | Natta and Passerini [159]_______._ 5. 84
1938 Verweel and Bijvoec [240 ) ____. 5.88
1953 | Swanson and Tatge [26°C] o ._. 5.893

The density was calculated from the NBS
lattice constant as 1,591 at 26°C. The index
of refraction of the NBS material was de-

termined as n =1.453,

2.49. Sodium Cyanide, NaCN (Orthorhombie)

Sodium cyanide has a reversible inversion
point from the cubic form at room temperature
to an orthorhombic form at 10°C.
was made at the NBS with the temperature

A pattern

maintained between 6° and 7°C., This is com-
pared in table 50 with a pattern in the ASTM
file (see vable 1}, made at -10°C by Verweel
[240]. The NBS sample is de-
in section 2.48. on the cubic form

and Bijvoet
scribed
of sodium cyanide.

The spacings in table 50 for the Verweel
and Bijvoet pattern were calculated in ang-

The

strom units from published sin?é values.

NBS diagram showed lines due to carbonate

contamination as well as weak lines due to
the presence of the cubic form, which are not
The three
strongest lines are recorded in the NBS pat-
tern as 110, 002, and 112,

The space group C29 (Imm) has been repeat-

given in the pattern of table 50,

edly assigned to the orthorhombic form of so-

dium cyanide on the basis of the determination

TaBLE 50. Sodium cyanide, NaCN {orthorhombic!
1339 1953
Verweel and Bijvoet Swanson and Tatge
Rkl Cu, 1.5405 A, Cu, 1.5405 A,
- 10°C 6% 10 7°C
d I fid I
4 A
T IR S 3.60 <1
1142 ERN () B 3,039 <1
110 2.962 ¥Yvg 2.4947 100
002 2.852 s 2.822 70
020 2,363 m 2,379 14
112 2,027 va 2.03% 45
iz 1.879 - 1.889 15
200
022 1.813 me 1.510
(1 1.735 vyw 1.750 2
103 1.671 - 1.675 1
211
202 1.562 m 1.569 12
031 1.513 mw 1.515 &
220 1.473 ® 1.473 B
130 | emmeeem | e 1. 454 1
004 1, 408 w 1,410 4
123 1, 368 w 1.372 2
222 1.303 » 1.306 3
A8 || coooeccoos || acoocacos 1.280 2
114 1.269 nm 1.273 1
310 1.214 3
033 } % ™ { 1.206 1
0% 1.1795 e 1.1805 1
221
204 1.1228 YW 1.1294 1
312 11066 o 1,1151
141 1.1027 <1
015
042 1.0863 YVW | cecmmmman | mmmeeee e
391
KT N [ S 1. 0530 <1
2as 1.0161 VI (SR P
233
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of Verweel and Bijvoet, who, however, suggest
the possible alternatives of D} (I222) or Dij
{Immm). There are two molecules in the unit
cell. The NBS pattern as indexed satisfies
the requirements of any one of these three

groups. The Verweel and Bijvoet unit cell
determination compares thus with that of the
NBS:
Prit cell, in angstroms
1938 | Verwe=l and Bijvoer {-10°C) a b @
BTV P — "3.75 | 4.72 | 5.62
1953 | Swanson and Tatge (6° vo 7°C)§ 3.774| 4.719 | 5.640

The density on the basis of the unit cell
dimensions determined fran the NBS pattern
is 1.620 at 6° to T°C.

2.50. Strontium Nitrate, Sr(NOl}z (Cubic)

A pattern for strontium nitrate is com-
pared in table 51 with two previously pub-
lished patterns. The first, by Vegard [236]
in 1922, was well indexed and misses few
lines, although it is of less precision than
the later patterns. The data were published
as sin & values and estimated intensities.
The former were converted to interplanar

The

second pattern, by Hanawalt, Binn, and Frevel,

spacings in angstrom uanits for table 51.
included in the diffraction pattern file of
the ASTM (see
kX to angstrom units.

The sample for the NBS pattern was a spe-
cially purified material supplied by the
Mallinckrodt Chemical Works.

table 1), was converted from

Their spectro-~

TapLE 51. Strontium nitrate, Sr(NO,}, fcubici
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1922 1938 1551
N Vegard Hanawalt, HKinn, &nd Frevel Swanson and Tabge
Cu, 1.5405 4 Mo, 0.7093 4 Cu, 1.5405 A, 26°C
d ! a d I a a ! a
A A A 4 A 4

111 4.54 m 7.86 4.51 100 7.81 4.48 100 7.76
200 3.92 ] T.84 3.92 33 T.84 3.88 13 7.76
218 3.53 L] T.89 3.49 33 T.80 3.474 21 T.T68
211 3.22 “ TBY | e | e SN U 3.175 14 7.777
220 2.78 » K ;¥ R URRpN IR [ 2.749 1o T7.775
311 2,37 5 7.86 2.3 100 7.83 2.346 72 7.781
222 2. ] 7T.85 2.24 100 7.76 2.246 54 7.780
400 1.96 m T.84 1.94 17 7.76 1.945 12 7.780
5 1 A RN IUUIN UPRITRPIU [SDIURRONE [UUIPIUIUR IIUIPIUUIUIE IR 1.836 2 7.789
in 1.80 m T.86 1.78 17 7.76 1.785 16 7.781
420 75 m 7.84 73 17 7.83 1.740 12 7.782
422 1.60 ] T.81 1.58 17 T.74 1.58%9 10 7.784
333 1.51 m T.E4 1.50 17 7.7% 1. 4%8 12 T.784
B2l s | e | e Fmiimmiiice ] mmmmmmmn | mmmamas 1.420 2 7.778
440 1.39 ] 7.84 L3379 17 7.801 1.376 11 7.784
53l 1,32 s 7.83 1.318 17 7.797 1.315 18 7.780
600 .20 < D SR N I, 1. 29 4 T.776
&20 1.24 w TB2 e | e | ool 1.231 2 7.786
333 1.20 m TeBd N oo | e | e 1.1867 4 7.782
£22 1.176 m T8 i et | e 1.1736 1 7.785
444 1.128 o Y - . ORI N [ 1.1235 2 7.784
711 1,094 m i ) R S RN I 1. 0893 3 T.779
642 1.045 m TBZ | ccmmmmmmime | et [ mmmmmee e 1.039 3 7.780
731 1.017 5 Y -1 A N I D, 1.0128 5 T.780
i 1 A RO U S [N NI I 0.9878 2 T.778
820 0.%51 5 7.84 PUNPRN NP ) (S 9435 4 T.780
422 927 B .86 b oL L9168 4 7.779




Taete 51. Stromtium nitrate, Sc(NOy), feubic) —Con.
1922 1938 1951
- Vegard Hanawale, Rinn, and Frevel Swanson and Tatge
Cu, 1.5405 A Mo, 0.7093 A Cu, 1.5405 A, 26°C
d i a d I a 4 i a
A A A A 4 4
751 0.902 s %) A PSR P (U —— 0.8983 B 7.780
B40 873 m .U PSR U [P PR DU PP
311 857 s L L | [ V=R, [P O U | S S | O
R42 .851 5 S O | [P VSOSyS g S| S |
f64 .833 w 7.01 S | PN | PR | SR FUNSU ——
Average unit cell for last five
T Foflll | ccoosccomos ||ooscamses P - T PR R 7.779

% Average of last two lines only,

graphic analysis shows Ba <0.01 percent and
Na <0.0] percent as the only impurities greater
than traces.

From the intensity measurements of the
NBS pattern, the three strongest lines are
the 111, 311, and 222,
index lines of the ASTM card for the Hanawalt,
Rinn, and Frevel pattern.

consistent with the

The lattice of strontium nitrate is simple
The
space group according to Jaeger and Van Melle
[115]) is Tg(Pa3); Vegard and PBilberg [238]
confirm this, but indicate the possibility of
T# (P2,3). The patterns of table 51 show hk0
only if h is even, adding confirmation of the
Tf(Pa3) group.
stants are converted from kX to angstrom wnits

cubic, four molecules te the unit cell.

Three published lattice con-

and compared with the NBS decermination in
the table below. Vegard and Feer [239]) pre-
sent a coefficient of expansion between 10°
and 70°C of 2,58 x 10°%,
modify their lattice constant determination to
correspond to that of the NBS made at 26°C.

This was used to

it cell dimensions, anpstroms

1922 Yepard [236). ... 7.81

1932 | Ringdal [192]) T.827
1942 Vegard and Boer (26°C) [239]______ 7.7018
1951 Swanson and Tatge {26%C)_._________ 7.779

The density from the NBS lattice constant
is 2,986 at 26°C.
n=1.587.

The index of refraction 1s

253747 O - 53 7

2.51. Barium Nitrate, Bﬂ(NOJ}z (Cubic)

The pattern for barium nitrate {(nitrobar-
ite) closely parallels that fer strontium
Vegard [236] and Hanawalc, Rian,
and Frevel published patterns of which the
latter 1s i1included in the ASTM file (see
tahle 1}. :

The NBS sample was specially purified ma-

nitrate.

terial supplied by the Mallinckrodt Chemical
Works, Their spectrographic analysis indi-
cates the following impurities:' Al <0.0l per-
cent, Na <0,0]1 percent, and Sr <0,(31 percent.

In Vegard’s paper the data were published
as sin & values. For comparison with the data
in table 52, they were converted to inter-
planar spacings in angstroms. The pattern of
Hanawalt, Rinn, and ¥Frevel was converted from

The
1ndex lines

kX to angstrom units for this table.
three strongest lines, used as
for the ASTM cards, are the same for tle NES
and the lanawalt, Rinn, and Frevel patterns:
311, 111, and 222,

The lattice of barium nitrate 1is simple

The
patterns of tvable 52 confirm the determina-

cubic, four molecules to the unit cell.
tion of the space group Tf{(Pa3) by Jaeger and
Van Melle [115] and by Vegard and Bilberg [233].

Three published lattice constants are
converted from kX te angstrom units and com-
pared with the NBS determinaticn 1in the table
below. Vegard 'and Foer [239] present a coef-

ficent of expansion between 10° and 70°C of
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TabLE 52. Barium nitrate, Ba(NOS’]l2 {cubic)

1922 1%38 1951
e Vegard Hanzwalt, Rinn, and Frevel Swanzon and Tatge
Ou, 1.5405 A Mo, 0.7093 & Cu, 1.5405 A, 26°C
a I a a I a d I a
A A A A A A
111 4.70 -3 §.14 4.70 75 2.14 4.68 95 g8.11
200 3.93 s 7.86 4,07 ao 8,14 4. 06 40 8.12
210 | e | e e 3.63 15 8.12 3.63 11 8.12
211 | e | i b emmmeean 3.32 10 8.13 3.313 14 B.115
2240 2.87 [ 8.12 2.88 40 8.15 2.870 35 8.118
11 2.45 vs 8.13 2.45 100 B.13 2,448 100 B.119
222 2.34 ES 8.11 2,35 50 8.14 2.343 35 B.115
400 2.03 m B.12 2.02 20 8.0 2.029 17 8.116
(Ul || comoommome || secodoooo f commmmme—a || onemmmmaree || ascccccas || anmssmesane 1.914 21 8.120
331 1.B6 m 8.11 1.86 40 8.11 1.862 21 8.115
420 1.81 m B.09 1.81 30 §.09 1.815 20 8.117
422 1.66 m 8.13 1.65 k1] 8.08 1.657 15 8.118
333 1.56 o 8.11 1.56 30 8.11 1.562 15 8.116
440 1.44 m 8.15 1.436 15 8.123 1.435 5 8.118
331 1.37 LY 8.11 1.373 40 8.123 1.372 13 8.117
[0 R ISP [ 1.354 10 8.124 1.353 ki 8.118
(NS || SoSEE SR ) SEL R (B S, 1.321 1 Bl o || cecooccmomos || comooomos || cocomamncas
620 1.29 w B.1& 1.283 A 8.114 1.284 1 8.121
BRI | cocooococe |eoccoccon || cecmemmcea 1.240 13 8.131 1.238 1 B.118
622 1.23 " B.16 1.224 13 8.119 1.224 2 8.119
444 1.17 g.11 1.172 4 8.120 1.1721 2 8.121
7 | [ | ——— 1.139 10 28.134 1.1370 3 8.120
640 ) i | ee e | e 1.128 [ B.134 1.1261 1 8.120
B42  f cmimim [ mmmmmmmae | mmmmmm e 1. 087 13 8.134 1.0849 1 B.11%
7.3 LS N ) | { SIS | P 1.058 20 B.127 1.0566 5 B.116
TR SR | | I (PR S | | S (e L e 1.0150 1 8.120
WEE  Hoccocoomes || secomoooo || coscocoson || soooococoss || cooomomon | coosoooones 0.9918 1 8.118
B0 e | LIRSl I I I N PR TS | || e —— 2843 1 B.117
I | | | QS | —— L9567 1 8.118
i e | N . N oo || cemcoscos || coooeoboooo L9374 3 8.118
[1-3 2 I IUN I IR [P PU NI [ L9312 1 a.118
L LR N e Al || coooecoomes | acoommens || cocacooonan 078 1 8.120
F11 | o m e | i } mmmmmmmmce | mmmmemmmme e fmcmmcmen b cemmeaeas L8911 ki 8.118
R || cecoemmoee || cemmmmeos || coommommee || cmmccmmmnca [ amcmcmnes || asommmenmae .BB58 3 B.119
931 | e | e iimim [ ammmmccace | mmmcecicce [ mmmmecme  eemmemaaes L8312 4 8.120
933 | e | e ] e | mmmmmme e | mmmmmme e fomem o 8159 5! 8.118
10°2°0 | ce oo | e e ) | i | e e ] e 7960 3 8.118
Average unit cell for lasc five
lines ____ ___ oo 8.14 | ool | 8.130 | o mmmon | emeee o 8.119
1.75 x 10°%, This was used to modify their Unit cell, angstroms
lattice constant determination to correspond
to that of the NBS made at 26°C, 1922 | Vegard [236 ] oo 8. 11
The density calculated from the NBS lat- 1932 | Ringdal [192]..__. Dl Se 8.127
tice constant is 3.204 ot 36°C. The dndex of | (18| S G0 P ]| B
refraction is r =1, 570.
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2,52, Zinc Dorate, ZaB,0, (Cubic)

No published pattern for zinc borate was
found. The following pattern 1s offered by
the NBS as an addition to the ASTM file.
The sample used for the pattern of table 53
was one of the phosphor preparations of the
(1351,

The unit cell derived

Badieo Corporation of America sampl e
XI1-17, of high purity.
from an average of the values obtained from
the last five lines is 7.4726 A, at 26"C. The
lattice derived from the powder pattern is
body-centered cubic, with
the unit cell. The density based on the NBS

lattice constant is 3.605 at 26°C. The index

six molecules in

of refraction for the sample was determined

as n=1.739. »
TaBLE 53. Zinc borate, Zn3204 feubic)
1951 1951
Bwanson and Tatge Wl Swanson and Tatge
Rkl
Cu, 1.5405 A, 26°C Cu, 1.5405 A, 26°C
4 I a d I a
A A 4 A
11 | 5.29 6 | 7.48 710 ) 1.0568 1 7.473
00 13.74 3 | 7.48 640 | 1,03635 1 T.474
211 | 3.048 100 | 7,466 721 1.016% 3 T.473
30 |2 364 23 | 7.478 642 | (1, 9499] 1 T7.477
222 | 2.158 1 7.476 730 L9812 2 T7.4726
321 | 1,947 20 | 7.472 732 L9490 L T7.4724
400 | 1. 869 13 § 7.476 g811 .9194 3 7.4725
411 | 1.761 g | 7.47] 220 L9062 1 7.4727
420 | 1.672 2 | 7.477 653 L8932 1 74730
332 | 1.594 3 | 7.477 822 . 8807 1 T.4730
422 |1.526 25 | 7.476 B31 . BRET 3 7.4728
510 | 1.466 3| 7.475 662 .B573 1 1.4738
521 | 1.364 8 | T7.471 752 . B462 1 7.4734
440 11.321 4 | 7.473 g10 . 8252 1 T.4725
530 ]1.282 3 | 7.475 a42 -8153 1 7.4723
600 {1.245 1 | 7.476 921 A58 1 7.4727
611 $1.213 2 | 7.477 864 L7966 1 T.4728
620 ¢ 1,1817 1 T.474 230 LTBTT 1 T.4728
541 | 1.1531 3 | 7.473
631 }1.1025 1 | 7.478 || Average for last
444 | 1.0788 1 | 7.474 || five lines-_.______ 7.4726

2.53. Magnesium Silicate, Mg, S0,
(Orthorhombiec)

Two patterns for magnesium silicate (for-
sterite) an the ASTM file (see table 1) are
compaTed in table 54 with a pattern prepared
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at the NBS,
sample of high purivy,

The NBS was furnished with a
labeled X-9, by the
Badio Corporation of America. The material
had been prepared in connection with a phos-
phor project [135] as a solid state reaction,
at 1,500°C.

silicate furnishes a large number of the pos-

The large unit cell of magnesium

sible planar reflections for an X-ray diagram
with copper radiation. Thus, indexing becomes
increasingly difficult with increasing Bragg
Clark’s

spacings diverge more and more widely from the

angle. As @ increases, interpl anar
values calculated for indexing the NBS pat-
tern. The last 20 lines of his pattern were
omitted from the table because the divergence
combined wath the muluiplicity of possible
The
Geiger counter intensity measurements of the
NBS pattern show 112 to be the strongest
line, 131 second, and 222 third, rather than
the order 222, 131, and 112 estimated by Clark
himsel £, 222, 112, 131 given on the ASTM card
for Clark, or 222, 021, 130 on the pattern of

Hanawalt, Rinn, and Frevel.

lines makes indexing purely arbitrary.

Forsterite is orthorhombic with a space
group presumably the same as that specified
by Bragg ana Brown [32] for eolivine, V%, or
Dy (Pbnm).
unit cell.

There are four molecules in the
Although several sets of unit-cell
dimensions are available for the closely re-
lated mineral olivine (iron-bearing), only one
Rinne [193] in 1923

examined a natural forsterite from Vesuvius,

was found for forsterite.

for which he found dimensions which agree very
closely with olivine measurements. Convert-
ing from kX to angstrom units, his values com-
pare with those derived from the NBS pattern

thus:

Init cell, angstroms

4.75
4.7¢

10. 28
16, 20

6.00
5.99

Rinne 1293} o . _________.
Swanson end Tatge (26°C) ...

1923
1551

From the NBS data the cell dimensions
were calculated from spacings only of planes

The densitcy
83

parallel to one or more axes.



calculated from the cell dimensions of the
NBS derermination 1s 3.213 at 26°C., The ma-
terial was too finely powdered to determine

the indices of refraction.

TasLe 54, Mapgnestum silicate, Mg, 510, (orthorhombic)
1938 1946 1953
Hanawaltr, Rian, Clark Swansonh and
and Frevel Tatpge
hikl
Mo, 0.7093 A Co, 1.7889 A | Cu, 1.353405 A,
26°C
d I 4 | r*]| 1t a I
A A 4
020 5.1 11 5.1 vyw| 10| 5,11 26
021 3.490 40 3.86 ms 701 3.88 ]
101 3.73 5 3.71 W 20 3.73 25
L } 3. 50 20 [3.49 [vw| 20| 3.487 | 2
120
121 3.00 13 2.98 vw 20| 3.000 17
002 | e o aaaaam 2,87 |www| 10| .| ...
130 2. 78 40 2T ms 0! 2.768 53
131 2.52 32 2,50 s A0 ! 2.513 73
112 2. 45 40 2.45 5 90 2. 458 100
04 | Loiaae | aeeeaa 234 [wew| 10| 2.348 a9
210 | oo 2.31 [wew| 10| 2,316 9
122 2.26 40 2.26 » 40 | 2.268 59
140 | | ______ 2.24 w 40 { 2.250 31
211 2.15 11 2.15 17.] 20 | 2,161 15
132 2.02 2 2,03 | vww| 10| Z2.034 5
042 1.65 2 1.934 | vew 10 1.945 4
150 1.68 3 1.864 | vvw| 10| 1.878 5
113 1.81 3 1.798 | vvw 10 . 1.811 2
| 15 (R O S, 1.776 | vvw 10 1.792 3
222 1.74 100 1.737 | vs | 100 1.T4B &0
240 | il faemana 1729 | vyw | 10 | ool | oo
241 1.67 10 1.661 | wvw 20 1.670 13
D61 1.62 11 1.624 | ve 20| 1.636 12
133 | oo | cee e 1.607 | wvw 20 1.618 15
152 1.57 8 1.579 | vvw | 1D L. 589 2
L1715 T 1.560 | vvw 10 i 1.572 0
300 | |- __ 1.523 | vvw| 10 1.531 1
311
) ) B R IS 1.504 | vvw | 1D 1.514 10
320
004 1.423 32 1.487 | w 40 1. 497 27
D62 | e [ mmmee- 1.471 | ms il 1.479 30
330 ) _________ o SRRl 1.424 | wvyw| 10 1.438 4
170 1.3%8 | 20 1.385 | ww 20 1. 396 13
2133 (e | 1y - 4 | RS 1.394 9
322 1.353 28 | 1.341| w | 40| 1.351 17
134 1.318 10 1.305 | »w 20 1.316 9
33, | | B 1.285 | vyw | °10 | 1.295 2
204 | comeoceoe fomecan| coeee | oo | oo | 1266 !

% publjshed,
b ASTH card.

cT-enty additionsl lines omitted,

M

88

2.54. Magnesium Tungstate, Mgh0, (Monoclinic) .

Four patterns, all from the literature,
of magnesium tungstate are compared in table
55 with a pattern prepared at the NBS. Two
of these are by Broch [39], one by Fonda [70],
and one by Dunning and Megaw [65]. Broch sup-
plied most of the indices. In addition to
the 1indices his data include diffraction am-
gles and, for che second pattern, estimated
intensities. The interplanar spacings listed
in table 55 were computed from his reflection
angles so that they appear in angstroms. The

Fonda
spacings were converted from presumed kX units

and the Dunning and Megaw interplanar

to angstroms,

For the NBS pattern, material of excep-
tionally high purity was obtained from the
Badio Corporation of America, marked No. 4,
prepared at 1,000°C.

There 1s not notable agreement among the
patterns on the strongest lines, chiefly be-
cause of the large number of lines of high
intensity and the fact that the intensities
are only estimated except for the NBS pat-
For the pattern of the Bureau the three
strongest lines are the 111, G11, and 100.

Broch’s 1930 paper [3%9] gives the space

Lern.

group as C;h (P2/c), two molecules in the unit
cell. The unit-cell constants of the mono-
clinic magnesium tungstate crystals were given
by Broch from his first pattern as a =4.67,
b=5.66, ¢ =4,92, £=89°35", from his second
pattern as ¢=4.68, b=5.66, c=4.93, £5=89°407,
Converted from kX units to angstroms, the
later values compare with those derived from

the NBS pattern thus:

it cell, angstroms

a b c Fii
1939 | Broch [39] oo 4.69 | 5.67 | 4.94 | 8o° 40’
1951 | Swanson and Tatge (26°C) | 4.69 | 5.68 | 4.92| ae%40’

The density calculated from the NBS lat-
tice constant is 6.897 at 26°C. The material
was too finely powdered to determine the in-
dices of refractiomn; it
are higher than 1.75,

1s known that they




TaBLE 55. Magnesium tungstate, Mg 0, fmoneciinic)

1928 1930 1944 1346 1953
Froch Froch Fonda Tunning and Swanson and

bkl Megaw Tatge

Cu, 1.5405 A Fe, 1.9350 A Mo, 0.7093 A Cu, 1.5405 A Cu, 1.5405 A, 26°%C

d a I d I i I d I
4 4 4 4 4
010 6.24 5,69 s 5.60 s 5. A6 - 5.68 2
100 4. 64 4,69 s 4.65 s 4.68 = 4.68 91
011 3.72 3.71 s 3.72 s 1.70 ms 3.70 97
110 3. 60 3.60 m 3.61 f 1.60 m 3.607 39
111 2.91 2,91 s 2.91 s 2.94 ms 2.928 100
0 1 O 2.90 PO R 2,92 ms 2.902 86
020 2,84 2,69 S R [ 2.84 m 2.841 20
002 } 2.46 { i s 2.46 - 2.46 T 2.462 47
021 2.45 s
120 2.43 2,42 I T [ 2,42 e 2,426 11
200 2.34 2.34 w 2.34 o 2.34 m 2.346 10
012 2,26 2.27 2 [P [ 2.26 viw 2,260 1
102 2.18 2.19 SRR PR P 2,20 e 2.194 26
121 2.172 28
121 } 2.17 2.17 5 2,18 m 2.17 ms { 2.170 »
___________ 2.15 2.15% YW [ R, | e
1?2 0K 2,04 L S (U 2.05% 2.047 5
Tz : 2,03 e U [ 2.02 w 2.026 4
211 1.98 1.99 T (PO N 1.991 mw 1,993 13
211 1,97 1.97 m 1.97 w 1,975 m 1.975 15
030 1.89 1.89 T N (P 1.892 e 1.892 3
022 1,86 1.86 m 1.88 W 1.860 m 1.862 s
220 1.81 1.81 s 1.80 1,813 m L. RO6 10
130 1.75 1.75 vvs 1.75 1,754 o 1.754 21
122 | e b e e e 1.738 * 1.735 2
122 FII 7 S | PSRRIV | PSSO | P | PRI 1.726 vm 1.724 3
202 o . Tk ms 1.708 15
221  |fToTTTTC R e | e | 0, 1,705 me 1.702 1%
391
202 1.89 1.49 vs 1.696 . i 1.692 5 1. /89 22
131
- B T R (N (S (R . LA
o } 1.65 1.659 vw 1.A52 1
1) (PR | PO P | P (. 1.63% vw 1,439 1
712
310 } 1,62 | cocmccmcoe Joeecmee | emmcmmeme | e 1.622 ™ 1.617 1
013 LI I P, 1.574 £ 1.581 e 1.578 4
1171 N U PSSP ISR [N SR 1.566 - 1.565 1
032 J10085 11 R SR | R | U | P 1.505 ms 1.502 10
113 1.493 || 1,497 m 1,494 m 1.499 5
113 1.489 [oooooooo- o | e (R i | 1.477 m 1491 1
230 1470l SS ot T | Iy || S 1. 466 » 1.413 2
T R I . e f LSS | (LS | 1. 465 | w L 4f% 3
222 1.454 A e W 1.451 ms 1. 448 !
311
. } 43R0 TRSETN RS S s | e e e BT 1.438 |  ms 1.434 | 13
132 15 4 27 S RED SNSRI |- P T 1.427 n 1.427 { ms 1,42 10
132 1 T | | e — IR R 1.423 12
320 LS B it g 1.365 l e inm— 1.364 5
*18 additional lines have been omitted.
by additional liaes have been omitted.
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