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ABSTRACT

X-ray studies were made of g-SiC and five types of o-SiC by means of polvder,

rotation and equi-inclination Weissenberg photographs. The following data were obtained:

a-SiC, ao of all types when referred to smallest hexagonal cell:3.073 A; co of all types in-

tegrally related ,typeI:37.70 A, type II:15.07e A, tpe III:10'053 A, type IV:52.78 A,

* Condensed from a dissertation submitted in partial fulfillment of the requirements

for the degree of Doctor of Philosophy in the University of Michigan, February, 1943.
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type VI:82.94 A. Formula weights in smallest hexagonal cell:15, 6, 4,21,33, respec.

tively. Calculated density of all a-SiC types:3.217; observed density, type II:3.218.

Space group, types I, IV, VI:Cu5-R3m; types II and III:Cva-C6mc. Beta SiC:

ao:4.349, formula weights in unit cell:4, calculated density:3.216, space group: ll
-F43m.

Ail o-SiC types are uniaxial posltive. The dichroism varies considerably depending

on the color, and both absorptions o)e anrl e)o were observed. The indices of refraction

of all types are essentially the same, but some variation occurs within a given type:

u:x^:2.6467-2.6487, ex":2.6889-2.6930. Dispersion (4360-6200 A): o:.0918, e: .1028.

Beta SiC was found to be transparent yellow to olive green, isotropic, z for red (essentially

Li) light abofi2.63.
The value of the study is not limited to SiC, for it may be considered the prototype of

polytypic substances, many of which exist, but have not yet been studied in detail.

STRUCTURAL CRYSTAI,LOGRAPHY

RBvrBw oI LTTERATURE

Rinne (1915), (1916) published a Laue photograph of an unspecified

type of SiC which was r-rayed perpendicular to the base. The presence of

six-fold symmetry was said to be due to twinning, (0001) being the twin-
ning plane.

Burdick and Owen (1918) investigated SiC of unknown type. They

deduced an atomic arrangement whereby both the silicon and carbon

atoms occupied face-centered rhombohedral lattices which were almost

cubic, one displaced with respect to the other 0.36 of the (0001) spacing.

Hull (1919) stated that the structural arrangement of SiC was similar

to that of the diamond except that half the carbon atoms, those of one of

the face-centered lattices, were replaced by silicon.
Later Hull (1920) found that the powder photograph of an unknown

type of SiC showed iines indicating a close-packed hexagonal structure as
well as a diamond-type lattice. He concluded that there were, within the

same crystal, both cubic and hexagonal close-packing of silicon atoms

with carbon atoms at the centers of the tetrahedrons.
Hauer and Koller (1920) published Laue photographs perpendicular to

the base of hexagonal (a) SiC, types I, II and III. Although each diagram
was unique, there were many spots common to two, and a few common to

all three of the SiC types. They also made a similar Laue photograph of a

coalescence of types I and II. The diagram consisted of the type I pat-

tern upon which was superposed the strongest spots of type II, equivalent
spots being coincident.

Espig (1921) made Laue photographs perpendicular to (0001) and
(1010) of all three of the a-SiC types. Several verythinbasal sections cut
from difierent type II crystals were r-rayed perpendicular to (0001), but
all showed hexagonal symmetry, disproving the assumption of Rinne that

the hexagonal pattern was due to twinuing. Rotation photographs were
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made of type II a-SiC using Mo radiation. The smallest ceII fulfilling the
wave-length requirements of the Laue photographs was said to be hexag-
onal  wi th:  ao:6.2 A;  cs:15.3 A.  I t  conta ined 24 formula weights,  and
the most probable space group was given as Ce,a. Espig postulated the
same unit cell for types I and III a-SiC but different arrangements within
the cel l ,  but  no deta i ls  were g iven.

Ott (1925o) gave complete structure data for type II a-SiC. The hexag-
onal unit cell dimensions obtained from rotation photographs using Mo
radiat ion w€r€:  d6:J.090 A;  co:15.17 A.  l lh .  d6lae rat io  was thus 4.90
and the number of formula weights per cell was 6. Atomic co-ordinates
were given as:

C : 0, 0, 0; 0, 0, 3 /6; 1 /3, 2/s, 1 /6; 1 /3, 2/ s, 5/6; 2/ 3, r/ 3, 2/6; 2/ 3, | / 3, 4/6
Si: 0, 0, p; 0, o, 3/6-t!; 113, 2/s, t/6tp; 1/3, 2/3, 5/6+p; 2/3, l/3,2/6+p; 2/3,

1/3,a/6lp;w}Ierc p:7/8.

The structure was said to consist of an atom of one kind, for example C,
surrounded exactly tetrahedrally by four atoms of the other kind, Si, the

smallest C-Si distance being 1.90 A. The space group was given as Co6.
Ott's second publication (1925b) discussed the structure of type I

a-SiC. The dimensions of the smallest hexagonal celi as determined from
rotation photographs w€rei o6:3.09b A, co:37.9s A. the type actually
was based on a rhombohedral ceII containing five formula weights:
a,r,:12.7a A and a:13"55'. A possible space group was given as C3a.
Atomic co-ordinates in the hexagonal cell were:

C:  5 atoms at0,  0,  0;  O,  0,  2/15;0,0,  6/15;0,  O,9/15;0,  0,  13115
5 atoms in similar arrangement fuom -l/3,1/3,1/3
5 atoms in similar arrangement frorn l/3, -t/3,2/3

Si: 15 atoms at the C positions +0,O, p,wtrerc p:l/20.

In a third paper, Ott (1926) reported on the structure of o-SiC, type

III, and upon the so-called "amorphous" carbide. The unit cell of a-SiC,
type IIf, was found to be hexagonal with oo:3.09s A and co:10.0g A and

to contain four formula weights. Within the limits of error of the meas-
urements, both the c0 value and the axial ratio were rationally related to

similar values obtained for tvoes I and IL Atomic co-ordinates of the

structure were:

C:  0,  0,  O;0,0,  1/2;  l /3 ,  - l /3 ,  l /4 ;  - l /3 ,  1/3,3/4
Si: 0, 0, p; o, o, 1/2lp; t/3, -1/3, 1/4+p; -1/3, t/3, 3//4+p, \\herc p:3/16.

Gray aggregates of the "amorphous" carbide were studied by the rc-ray
powder difiraction method using copper radiation. They- were found to be

a mixture of a cubic ZnS-type substance with o0:4.37 A-assumed to be

cubic SiC-and a minor amount of a-SiC, type II.



330 NEWMAN W, THIBAULT

Ott pointed out that the same exactly tetrahedral arrangement of C

and Si atoms was the fundamental unit of all the SiC structures, and that

the unit cells of the a-SiC types difiered only in the manner in which

these tetrahedrons were built up in the direction of the c-axis. The

coalescence of types was readily explained since all the hexagonal modifi-

cations were similar in the plane of the o axes, the contact plane of the

coalescences.
Becker (1927) gave as:[.J0 A as the cell dimension of yellow cubic

SiC.
Ott (1928) described a-SiC, type Y. Rotation photographs indicated

the unusual hexagonal cell: ao:3.09r A, co:129.%A; the type was actu-

ally based on a rhombohedral lattice with a,o:41.15 A, a:4"06', and

contained 17 formula weights. No attempt was made to determine the

atomic positions, but the relationship to the other types made it seem

probable that the same tetrahedral arrangement of C and Si atoms ex-
isted here also.

Braekken (1930) examined a minute black "octahedral" crystal found

in commercial SiC, and assumed to be cubic SiC. It had a ZnS-type struc-

ture wi th ao:4.348 *  .005 A.
The data given by Ewald and Hermann in the Strukturbericht I (1931)

and by Wyckofi (1931) agree with those given by Ott, except that they
place a-SiC, type I, in space group C3o5, and types II and III in group

Caon.

Hengstenber and Garrido (1932) made a Fourier analysis showing the

electron density normal to the basal pinacoid of an unspecified type of

hexagonal SiC. The results were in harmony with the calculations of Ott
that in the c direction carbon planes are about 2.53 A apart and that sili-
con planes lie about 1.90 A above the carbon.

Borrmann and Seyfarth (1933) gave the following data for type II SiC:
ao:3.076*0.003 A;  co:15.07+0.015 A.  fne calculated densi ty  was
3.2t2 which the authors confirmed by the suspension method, although
the value for the density determined in this manner was not given.

Hanawalt, Rinn and Frevel (1938) published powder photograph data
for cubic and commercial SiC. The latter was said to be a mixture of

cubic and hexagonal forms.
Tone (1938) stated that, in spite of the difierent known types of this

substance, all lots of hexagonal crystals gave the same ff-ray powder dif-

fraction pattern irrespective of the source of the sample, and that lines

of cubic as well as of hexagonal SiC were present in the pattern' He putr-

lished a series of Laue photographs of a-SiC taken perpendicular to the

base, and stated that the diagrams seemed to show a gradual transition
from one type to another. No explanation was offered except that some of

the difierences were thought to be due to twinning.



SILICON CARBIDE (SiC) 331

Benner, Melton and Boyer (1940) gave 4.363 A as the lattice constant
of a "typical" sample of cubic SiC, and stated that the constant varied
with amount of impurity to a minimum of 4.35 A. No chemical data were
given.

Baumann (1941) gaverc-ray powder difiraction data for SiC (type or
types not stated).

LauB PnorocRAPHS

If the new method of notation used in connection with the observed
crystal faces for the various a-SiC types (see Table 16) is applied to the
Laue photographs of Hauer and Koller (1920), the relationship between
the spots of the Laue photographs of the various types is immediately
evident; again only those spots are common to two or more types whose
indices are equivalent when referred to the greatest common divisor c:o
value.

From the Laue photographs published by Ifauer and Koller, Espig,
and Ott, and from the observations of coalescences of a-SiC types made
by Baumhauer and the writer, it seems quite certain that the Laue pat-
terns iliustrated by Tone (1938) are "transitional" because they are from
crystals consisting of coalescences of types I and II in different propor-
tions. One of his patterns is apparently influenced by a type I twin in
which the c axis is the twinning axis.

The numerous satisfactory Laue photographs reproduced in the litera-
ture clearly indicate that the centro-symmetrical crystal class of a-SiC,
type I, is D3a, and that of types II and III is Dor,. Because oi this and the
very close morphological relationship of the new types IV and VI to the
well-known type I, no Laue exposures were made during the present
study.

PowoBn Pnorocnepns

Introiluclion Because of the common occurrence of coalescences and
twinning of the various a-SiC modifications, extreme care was taken in
the selection of crystals of each type to be prepared for the powder pho-
tographs. Well-developed, unstriated crystals of types I, II and III were
employed, while small pieces were chipped from the edges of the large
basal pinacoids of types IV and VI. It was not possible to select entirely
isotropic individuals of B-SiC. Instead, masses containing a minimum
amount of anisotropic material were crushed for the photographs. As
additional checks, at least two powder photographs were made of each of
the modifications, different samples being used in each case. The fact that
in all cases the different powder photographs of the same type of a-SiC
were identical indicates that a desired hexagonal modification can un-
equivocally be selected by careful goniometric study.
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All the exposures were made with filtered Cu r-radiation using a cam-
era of about 57.3 mm. diameter, a later modif.cation of the type described
by Buerger (1936). The camera was standardized with NaCl.

Pattern of Each SiC Mod,if.cati.on. Data from the powder photographs
of each SiC modification are given in Tables 18-23 inclusive. Values are
for the CuKar lines where resolved, otherwise for CuKar and a2. The in-
tensity values were derived from visual comparisons of the line intensities
using an arbitrary scale in which the weakest line in each photograph
was nurnbered 1 and the strongest, 10. fn the case of a-SiC the planes
giving rise to the lines on the powder photographs were ascertained by
correlation with those giving Weissenberg spots on the zero and first lev-
els of o-axis rotations. The films oi B-SiC were indexed by the use of the
chart published by Lukesh and Chesley (1941), as well as by correlation
with Weissenberg data. The calculated values of d.nt.t for the hexagonal
modifications were derived from ao:3.973 A and the c;a ratios obtained
from goniometric study; those for g-SiC were based on ao:4349 A.

Figure 12 compares the powder photographs of the various SiC modifi-
cations. A few lines, indicated by asterisks, are due to quartz from the
agate mortar used for final grinding of the specimens.

Cell Dimensions and, Density. Because of the discrepancies in the litera-
ture concerning the cell dimensions and the calculated and observed den-
sities of the hexagonal SiC types, it was thought worth while to make as
precise determinations of these properties as equipment and samples
available would permit, and to use analyzed material.
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Tnsrn 18 (Type I, continueil)
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Tesrr 19. Dlre rnou X-ney Powonn Pnorocn,tpss ola-SiC, Tler II
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Tasr,r 20. Date lnou X-nav Poworn Proroctlpns ol a-SiC, Tvpe III
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Tantn 21. D.lre lnou X-nev Powonr. Psorocnarns ol a-SiC. Trrpr IV
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'ItsLn 2l (Type IV, ctnti,nuzil)
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Tl'nr-n 22, Dnra, r.nolr X-nav Poworn Psorocn.Lprrs or,a-SiC, Tvpn VI
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Tl'sr,n 22 (Type VI, conti'nued)

339
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.936
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.905
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.888

.1

2

2
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2

4
1

z

I
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01 .83
1 2  . 3 8

1or , sor\
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21.43
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02.82
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34

36

Tasr-n 23. D,q.r,c, rnoM X-nev Powonn Pnorocnnpss or Bnre SiC
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Accordingly, all the light green crystals of a-SiC, type II, whose crystal

morphology was carefully studied and whose observed axial ratio is re-

corded in Table 8, were examined under a stereoscopic microscope at a

magnification of 30. Those portions containing no visible impurities were

segregated, crushed to -200 mesh in a steel mortar, and the magnetic

portion removed. To further insure that impurities found in the analysis

represented material actually within the SiC itself, either as microscopic

or submicroscopic particles or in solid solution, the sample was ignited in

an inclined tube furnace at 900'C. for 15 minutes in oxygen to remove

any free carbon which might be present. Then it was treated with

HF-HNOr to remove free SiOz, free Si, or iron introduced by powdering

the sample, should these be present.
Mr. R. M. Rebert, Norton Worcester laboratories, determined the

density, d, at 30" f 4" C.:3.218, using a 5 cc. pycnometer and xylene as the

displacing liquid.
Mr. Rebert then analyzed the sample in duplicate according to the

method outlined by Lamar (1939) and obtained:

341

si 69.7870
c 29.99
Al  0 .01
Fe 0. 10
C a  0 . 1 6
Mg 0 .01

Total 100.05Vo

Theoretical,
70.03To
29.97

From a portion of the analyzed SiC two powder photographs were pre-

pared, one of the sample itself and another of the sample mixed with an

equal portion of highest purity NaCl as a standard. The first indicated

that within the limits of the method only type II was present. The second

was used for a precise determination of the ceII dimensions. @0 was deter-

mined from planes t2.ll and 20. 15, both of which gave well-defined

doublets of medium to strong intensity in the back reflection position,

and the axial ratio, 4.907, obtained from morphological study of the

crystals used for the powder photograph and confirmed by equi-inclina-

tion Weissenberg photographs. The ratio, 4.907, is certainly correct to

within +0.001, and very likely to within +0.0005. The average @0 value

calculated in this manner for type II is 3.073 A (se" Table 24), and the co

value obtained by multiplying aoXcia is 15.07g A (tee Table 25). The

calculated density is thus 3.217 which compares very favorably with the

observed density of 3.218. Siegbahn's wave-lengths, 1940 International
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atomic weights and the appropriate value for 1/N, 1.6503X10-24, were
used in the r-ray calculations.

Similarly, from the back reflection planes of the other hexagonal SiC
modifications their e0 value was computed. The ct a ratio used was the ap-

Tlrr;;n 24. Crr,r, DrrrnNsroN ds ol rrrn a-SiC Motrucarrons Cer,curarno r,RoM TrrE
d.n* t or Bacr RnlrrcrroNs oN Powom Pnorocnapns AND TEE c:a Rerr<r

OlrarNnn mou Monpnorocrcar Sruoy

a-SiC type h h . I dnr" t Ao AVerAge

20 .38
02.37
12.26

20.r5
12.11

1 2 . 8
20.10
12.7

02 .55
20.5s
02 .52

20.83
02.82

.7956

.8092

.827 |

.8021

.8106

-  /  atJo

.8025

.8236

.7787

.7973

.8069

3 .O74
3 .074
3 .075

J . U / J

3 . O 7 2

s .074
3 .075
3 . O 7 4

3 .074

3 .073

3 .074

3 .073

3 .074

3 .074
3 .O73
3 .073

3 .074
3 .074

Terrn 25. Crr-r- DrlreNsroxs, Fonuur,A Wnrcurs pnn Cnlr mo Dnrsrrrns
ol SiC MoorlrcATroNs

Hexagonal

Cell
Rhombohedral

CelI

Formula

Weights
per

Hexagonal

Cell

Density

Ao
Calc.

a-SiC, I
a-SiC, II
a-SiC, III
a-SiC, IV
a-SiC, VI

3.0734 37.70A
3 .073  15 .07e
3.073 10.053
3.073 52.78
3.073 82.94

12.69tL 8"54+'

17.68a 9"58',
27.704 6"21+l

I J

6
A

2 l
33

3 . 2 r 7
3 . 2 1 7
3 . 2 r 7
J . Z l t

3 . 2 1 7

Cubi.c Cell
4 3.216p-SiC (Cubic) ao:4.349
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propriate rational multiple of 4.9070 as given in the next to the last col-

umn of Table 8 and confi.rmed by Weissenberg photographs. The results

are indicated in Table 24. The @0 values of all the a-SiC modifications are

the same within the limits of error of the method, and 3.073 A is retained

for this dimension. The co values of the other hexagonal modifications are

obtained by multiplying 3.073 A by the appropriate cio ratio, and are

given in Table 25.
The cell dimension of B-SiC was determined from the average value ob-

tained from lines 7-10 inclusive on two powder photographs of the sub-

stance. In each case, NaCl was mixed with the cubic SiC to furnish a

standard. The calculated density is 3.216, remarkably close to that cal-

culated for the hexagonal modifications.
Retationship oJ Mod.if,cati,ons.It has previously been pointed out that

certain planes on and within the crystals were common to two or more of

the a-SiC types. Table 26 shows this relationship as derived from powder

photographs. As is the case in Table 16, common planes would have the

same indices if basedonthegreatestcommon divisor r0 value; this could

be obtained by dividing the "l," value of the indices of the a-SiC modifica-

tions of Table 26 by the number of formula weights per unit hexagonal

ceII for that modification.
Table 26 and Fig. 12 indicate that except for a-SiC, type III, all the

hexagonal varieties contain lines which, within experimental error, are

the same as those of p-SiC. This does not indicate, as many have con-

cluded, that cubic SiC is present in the sample, but that all the planes giv-

ing powder photograph lines in p-SiC are very closely related to some of

the planes of the a-SiC modifications.
The occurrence in the back reflection position of lines from equivalent

planes in types II and III provided an excellent opportunity to determine
whether the o6 values of these types were the same and the c0 values ra-

tionally related within the limits of error possible with the powder camera
used, as all previous study had led the writer to conclude. A sample of the
analyzed (green) type II SiC which was used for the powder photographs
was intimately mixed with a sample of black type III whose powder pho-

tograph was at hand. As far as could be noted by careful examination of

the film resulting from the x-raying of this mixture, all common lines

were coincident and the single ar line due to both planes 20.10 (type III)
and 20.15 (type II) was no broader than that on the photograph of either
type alone. In a similar manner, other samples of the analyzed type II
powder were mixed with powders of green type I, and with black type II

with the same results, namely, that lines due to common planes were al-

ways strictly coincident on the photographs,

J+J
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Taere 26. X-nev Pownun Psorocups LrNrs CouuoN To rrrr SiC MoorlrcerroNs

a-SiC types

hh. l , hh . l , h h . l h k . t

^ 1 1

,roo ' o
i  10 .2
10.3
r0.4

1ro.s
[  1 1 . 0
1 0 . 9

I ro.ro
I  1 1 . 6
l t o  t
20.3

[oo.rz
l .20.4
20 .8
20.9

Ito.t+
I  20.  10
112.2
1 2 . 3

Iu . rz
112.4
10 .15

Ito. ro
1 1 2 . 8
|.30.0
12.9

foo. ta
)20 . r4
I  1 2 . 1 0
[30.6
20.15

00.4

10.2

1 1 . 0
1 0 . 6

rr.4

20.2

12.2
1 1 . 8

10.  t0

30 .0
1 2 . 6
00.12

30.4
20.10

00.  15
01  .5

10.  10
0t.20
1 1 . 0

10.25
1 1 . 1 5
20.5

00.30
02.10?
20.20

01 .35
02.25?
12.5

11 .30
21.t0?

10.40
t2 .20
30 .0

00.4s
20 .35
2 r . 2 5
30.  15

00.  21
10.7

01  . r4
10 .28
1 1 . 0

01 .35
t t .2 l
02.7

00.42
20.14?
02.28

10.49
20.35
2 r . 7

11.42
12.14?

0l  .56
2 t . 2 8
30 .0

00.63
02.49
t2 .35
30.2r

00.33
0 1 . 1 1

10.22
01 .44
1 1 . 0

10 .55?
11  .33
20.11

00.66
02.22?
20.u

or.77
02 .s5
1 2 . r l

1 1 . 6 6
2 r .22?

10.88
t2 .M
30.0

00.99
20.77
21.55?
30.33

JrJ I
s1 1 j

Tone's statement that every lot of hexagonal crystals wherever made
will give the same r-ray difiraction pattern when examined by the powder
method is nearly true in most cases because of the great predominance of
type II in all commercial SiC. Ilowever, two different varieties of SiC
manufactured commercially by the Norton Company give r-ray powder
diffraction patterns which difier notably in several regions. One variety is
a mixture of a large amount of type II and a small amount of type I, while
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the other is predominantly type II with a smaller amount of type III.

The r-ray powder pattern of commercial SiC given by Hanawalt and

co-workers (1933) and said to be of "cubic and hexagonal forms" is

mainly of a-SiC type II with a small amount of type III. There was prob-

ably insufficient cubic SiC present to form any pattern. The pattern
given by Baumann (1941) as characteristic for SiC contains some of the

stronger lines of a-SiC, type II.

Equr-rNcrrNATroN WETssENBERG Pnorocn.qpns

Introd.uction Alpha SiC, types f, II, fff, IV and VI were studied with

the aid of c-axis rotation photographs, and equi-inclination Weissenberg
exposures of both c- and a-axis rotations, zero, first and sometimes second

layer levels. In the case of p-SiC a zero level of an a-axis rotation, and

zero and second layer levels of a dodecahedral axis rotation were made.

Obviously not all these exposures were necessary for adequate determina-
tions of the crystal symmetries. Exposures were made with unfiltered

copper radiation. The general methods used have been described by

Buerger (1942).
Because of the large co cell dimensions of a-SiC, types IV and VI, and

the consequent very close spacing of the layer lines of the first kind, rota-

tion photographs were not satisfactory, and it was not always possible to

screen out the first from the zero levels in c-axis rotation equi-inclination

Weissenberg exposures. These dificulties were of no great consequence'

however, because of the information given by o-axis Weissenberg expo-

sures where no such ambiguities existed.
Crystal Classes. Table 27 summarizes the centro-symmetrical crystal

classes indicated by plane point-group symmetries shown by the Weissen-

berg photographs. Actual crystal classes of a-SiC were determined by

etching experiments as previously described: types I, IV and VI are

Cso-3m, and types II and III are Cu4 mm. Morphological study of cubic

SiC indicated class Ta-43m.
Cell Dimensions. The cell dimensions of all the SiC modifrcations were

determined from the appropriate iero layer Weissenberg photographs,

and aided in the precise determination of the lattice constants as discussed

under the subject of powder photographs.
Space Groups and Space Lottice Tyqes. The space groups of the various

SiC modifications were obtained from characteristic absences noted on

indexed Weissenberg photographs. Thus a-SiC, types I, IV and VI are

Cl,-R3m, since:
(hkil) is present when h-k-l:3n
(h'h'2h'l) is present when l':3n
(hhill,) is present wheo 2h-l:3n.

345
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The space lattice is obviously rhombohedral as was predicted from the
morphological study.

Tl.r.tc 27. CoNrno-svultnrntcnr Cnvsrer, Cr,qssns or. TEE SiC MoorrrcerroNs AS
Ilrorcerro sv Pr,eNr Ponu-cnoup Svuunrnrrs Otrarnro rnol. Equr-rNcr,rNarroN

WnrsstNsrnc Pnorocnapus

sic
Modification

Rotation
Axis

Level
Centro-

^ "'un: Symmetrical
JYmmetrY 

Crystal Class

a, types I,
IV, VI

a, types
II, III

B

c  [00 .1 ]
c  [00 .1 ]
a  [ 1 1 . 0 ]
a  [ 1 1 . 0 ]
c  [00 .  1 ]
c  [ 0 0 . 1 ]
o  [ 1 1 . 0 ]
a  [ 1 1 . 0 ]
a [100]

0
1
0
1
0
1
0
1
0
0
n

Cor
Car
C:
Cz
Cor
Cer
Czr
Czt
U4l

Crr
Czt

Dra

Du

D o l

D t t

On

On
dodecahedral [110]
dodecahedral [110]

The space group of a-SiC, types II and III is C!"-C6mr, since:

(hkll) is present in all orders
(h' h'2h l) is present when l:2n
(hh0l) is present in all orders.

The space lattice of these types is, therefore, hexagonal as indicated by
crystal morphology.

Beta-SiC js Ta2-F43m from the following criteria.

(hkl) present only when hfk:Zn; kll,:2n; l lh:2n
(hlr.l) present only when hll:2n.

Relati.onship of Types.In Figs. 13-18 some of the common planes evi-
dent from the equi-inclination Weissenberg photographs have been in-
dexed, and may be studied to advantage with the aid of Table 26 which
shows most of the correlations to be expected.

The relationship of a-SiC and p-SiC is brought out very clearly in Fig.
18 which is an equi-inclination Weissenberg photograph of the well-de-
veloped crystal of B-SiC illustrated by Fig. 9. While this crystal was for
the most part B-SiC, there were present within it two thin basal plates of
a-SiC whose basalpinacoids were parallel to tetrahedral faces of the B-SiC
modification. For the production of the photograph, Fig. 18, the g-SiC
crystal was rotated about one of the dodecahedral axes. This was aiso an
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Frc. 13 (upper). Equi-inclination Weissenberg photograph of a-SiC, type I; a-axis rota-

tion, zero level.
Frc. 14 (lower). Equi-inclination Weissenberg photograph oi a-SiC, type II; o-axis rota-

tion, zero level.
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Frc. 15 (upper). Equi-inclination Weissenberg photograph of a-SiC, type III; o-axis
rotation, zero level.

Frc. 16 (lower). Equi-inclination Weissenberg photograph of a-SiC, type IV; o-aris ro-
tation, zero level,

\
Do'

\
.'8



SILICON CARBIDE (SiC) 349

a
o'w

o's ,9n
\
arv

Frc. 17 (upper). Equi-inclination Weissenberg photograph of a-SiC, type VI; a-axis

rotation, zero level,
Frc. 18 (lower). Equi-inclination Weissenberg photograph of the F-SiC crystal illus-

trated by Fig. 9. [110] rotation, zero level.
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d-axis of one of the included a-SiC plates. The resulting Weissenberg pho-
tograph was essentially of B-SiC, but with additional faint spots due to an
o-axis rotation of a-sic. These faint spots are very evident on the films
in the zone 002-nT-220. Comparison of this figure with Fig. 14 not only
indicates that the included a-SiC plate giving the pattern was type II,
but that the following points are exactly coincident.

B-SiC a-SiC
002 r0.4
11T 10.2
220 10.8

Although the determination of the ultimate structure of the SiC
modifications is beyond the scope of this paper, the data concerning the
existing reflections and their intensities as obtained from weissenberg
exposures of a-SiC, types I, II and III during this study are in agreement
with those published by ott. rt seems quite certain that the fundamental
building block of all the a-Sic modifications is one slightry distorted
tetrahedron of sic, the differences between the types being due to dif-
ferences in the manner in which these are turned with respect to one an-
other in the direction of the c-axis. AII the data are likewise consistent
with the sphalerite structure of p-SiC.

OPTICAL PROPERTIES
Rpvrnw on LrrBnarunn'

Frazier (1893) stated that SiC was uniaxial.
Becke (1895) obtained a uniaxial positive figure, and observed no

pleochroism. The indices of refraction, determined by the Duc de chaul-
nes method and measurements on interference figures, were said to be:
up  ̂ :  2 ,7 86,  er . r "  :  2 .832.

Tone (1908) published curves for the indices of refraction of Sic for
various wave-lengths, the indices apparently having been calculated from
interference phenomena. For sodium light the varues obtained from the
curves were approximately :  u:2.83,  e:2.98.  SiC was said to be more
transparent perpendicular to the c-axis than parallel to it.

Pirsson (1914) stated that sic was uniaxial positive with weak double
refraction, and that the indices for both rays were greater than 1.i5. He
observed some pleochroism: e : deep indigo blue; <,r : light blue.

Merwin (1917) deterrnined the indices of refraction of the o ray for
various wave-Iengths by using the method of minimum deviation on two
naturally occurring prisms found on a very pale green crystal of sic, one
face on each prism being somewhat curved. The varues for the e ray were
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obtained by measurements on the interference figure according to the

method of Merwin (1914). The values for sodium light were: a:2.654,

e:2.697 . Merwin observed that bluish SiC was pleochroic l ight to dark

blue, or olive green to greenish blue, but stated that the o ray was the

more strongly absorbed.
Somewhat earlier Weigel (1916) published a paper including detailed

observations on the indices of refraction of SiC for various wave-lengths

and also for higher temperatures. For these purposes three prisms were

very accurately ground and polished so that their refracting edges were

parallel to the crystallographic c-axis. Two of the prisms were of clear,

presumably light green, SiC, while the third was cut from black SiC. No

determinations were made with sodium light, but interpolation gives:

a*^:2.6477, €Na:2.6934 at about 22"C. Within experimental error, the

values obtained on the black crystal were the same as those f or the green

crystals, so Weigel concluded that the impurity causing the color was ad-

mixed mechanically and did not exist in solid solution.
Many English-Ianguage reference texts, including Winchell (1931),

Larsen and Berman (1934), and the Handbooh oJ Chemistry and' Physi'cs

(1943) quote Merwin's values for the indices of refraction. The In-

ternational Critical Tables (1926) and Mellor (1924) give the values

determined both by Merwin and Weigel. Winchell gives as the pleochro-

ism f ormula : X(a) >Z(e) while Larsen and Berman state : co : light blue;

e : deep indigo blue, which would be equivalent to Z)X'

No optical data on cubic SiC have appeared in the literature'

Arpna SrlrcoN CansroB

Examinati'on in Polari.ied Light. The normal interference figure of all

the hexagonal sic types throughout the visible spectrum is uniaxial posi-

tive. However, biaxiality due to strain, with 2V up to about 10o, may

sometimes be observed, especially adjacent to opaque inclusions. Crys-

tals of types I and II were examined for biaxiality but there was no evi-

dence that it occurred more in one type than in the other.

Several pale green crystals of both types I and II up to 2 mm. in thick-

ness were examined for optical activity in lithium, and mercury yellow,

green and blue light, but there was no evidence of the rotation of the

plane of polarization, nor was the interference figure that of an optically

active crystal.
Color and. Dichroism. Hexagonal SiC crystals are yellow, greenish-yel-

low, green, blue green, blue, gray, or black, the particular shade depend-

ing considerably upon the conditions of illumination, the size of the in-

dividuals and sometimes on the direction of view into the crystal. When
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crushed to a fine size and observed by transmitted light, even the darkest
silicon carbide will usually transmit some light and appear brue. Ex-
tremely pale green, almost colorless, crystals up to a millimeter in thick-
ness have been found, but red sic as reported by winchell (1931) has not
been observed by the writer. crystals often show considerable color
variation which may be irregular or zonal in nature.

The correlation between color and a-SiC type which Frazier, Baum-
hauer, and Espig have described was only partially substantiated. In a
small sample of green crude forwarded by a foreign manufacturer there
was apparently a perfect correlation between color and type, for in over
40 crystals measured from this specimen all the greenish yellow crystars
were type I and all the green or blue green, type II. Moreover, when
coalescences occurred, there was a sharp line of demarcation in color at
the boundary between types, even when a thin plate of type r occurred
between larger masses of type rr. Each type was also characterized by its
own dichroism as indicated by specimens 1a and 16 in Table 28.

No.
SiC
Type Dichroism

e :light greenish blue
o:light lemon yellow
e : medium blue green

o:light green

a : greenish blue
o:1emon yellou'

e :pale gray blue
6:gray blue

e :light greenish blue
o:light olive green

e:light blue
o:very pale blue

e :medium greenish blue
o:light green

e :light gray blue
o:indigo blue

AbsorP- 
Remarks

tron

la

Ib

greenish
yellow

blue green

greenish

yellow

blue streak
in above

greenish
yellow

light blue

blue streaks
in above

e l o

Coalescence
of

types I & II

Different

of same
crystal,

same type

e ) o

u ) e

Tanr,n 28. Co'on, DrcrnorsM AND ABSoRprroN or, Ar,pne, Srr,rcox CansrnE Tvprs
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Tar;r,a 28-Continueil

JJJ

SiC
type

III

IV

VI

n.d

Color of
Crystal

light yellow
green

blue black

bluish green

green

light blue

dark blue

black

black

greenish
yellow

blue black

blue

@:very dark blue

e :Iight blue

o:light blue green

e:blue green

o:yellow green

e :light blue

o:almost colorless

e :light blue

o:dark blue

e :medium blue

o : very dark blue

e :medium blue

o:v€ry dark blue

€:very pale green

o:vcry pale olive

e :medium blue

o:dark blue

e :pale purplish blue

o:medium blue

Dichroism

same as 4o

same as 4b

e :light green

o:light bufi

e :blue

AbsorP- Remarks
tron

e)u 4a and 4b (tYPe

I) coalesced with

ole 4c and M
(type II)

e ) o

a ) e

2

e ) a

e : . a

6 > e

o ) e

a ) e

e  ) o ?

o ) e

a ) e

From same

small crude

specimen

A somewhat larger specimen of green SiC crude supplied by another

foreign producer contained no greenish yellow or yellow crystals. Exami-

nation of over 60 crystals from this sample revealed that while most of the

individuals were type II, there were a few of type I and a few coales-

Qences. Specimgns 4a, b, c, d, Table 28, are from this lot. It is to be noted
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that there was no difference in color nor in dichroism between the type I
and type II portions of this coalescence.

Because of the disagreement in the literature concerning the dichroism
and especially the absorption formula for silicon carbide, a complete
study of these properties for each of the hexagonal types was undertaken.
The difficulty of obtaining satisfactory transmission of light through ir-
regular fragments even when immersed in methylene iodide made it ad-
visable to cut thin plates from the crystals parailel to the c axis with the
aid of a suitable diamond cut-off wheel. Table 2g correlates the color,
dichroism and absorption found for various crystars of the different a-sic
types.

The reason for the disagreement in the literature concerning the di-
chroism and absorption of hexagonal Sic no doubt is due to the variation
in these properties in crystals from the same or difierent sources, varia-
tions which are probably caused by differences in accompanying impuri_
ties.

Indices of Refraction and. Dispersion. Altho'gh the relationship be-
tween the different modifications of a-Sic clearly indicates that no dif-
ferences in indices of refraction due to the structural differences between
types are to be expected, it was nevertheless thought worth while to de-
termine the indices of refraction and dispersion of two difierent a-Sic
types. The purpose was three-fold: (1) to check the values published by
weigel and Merwin, (2) to determine experimentally whether different
types were characterized by different refractive indices, and (3) to ascer-
tain whether there were difierences in ind.ices due to material in solid
solution or submicroscopic suspension in the crystal.

Prisms suitable for refractive index determinations were prepared in
the following manner. A thick tabular crystal containing one laige well-
developed basal pinacoid was cemented to a suitable block of plate glass,
the base of the crystal being in contact with the glass surface. Two cuts
were then made through the crystal and into the glass with a diamond
cut-off wheel such that a prism of about 40o was formed, the cut sur-
faces being essentially perpendicular to the basal pinacoid, and the prism
edge, therefore, nearly parallel to the c-axis. For this operation the author
is indebted to Dr. J. E. Burke, Norton worcester laboratories. Each of
the prism faces was polished by successively mounting in phenol formal-
dehyde plastic and polishing with 2 micron diamond on a lead lap, using
the Graton-vanderwilt polishing machine. The signals reflected fiom the
prism faces on the goniometer were single, undistorted and perfectly
sharp.

Three prisms were prepared in the above manner. prism No. 1 was cut
from a transparent, light green crystal of type II. It was free from flaws
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and exhibited the dichroism, e :medium greenish blue, c,r:light green.

Prism No. 2 was prepared from the same coalescence of types I and II as

the plate whose dichroism is described in Table 28, specimens la and tb.

The purpose of cutting a prism from a coalescence was to permit a greater

degree of precision in comparing the indices of refraction of the two types.

If the indices of the types differed even slightly, it would be evident im-

mediately when the minimum deviation angle was measured in mono-

chromatic light, since four signals would be observed through the tele-

scope of the goniometer, two from each type. This was found to be the

case with prism No. 2 as is indicated by the values for the indices of re-

fraction given in Table 29. Prism No. 3 was obtained from a green crystal

of type I which varied greatly in color, and for this reason all but about

one square millimeter of each prism surface was blocked off with opaque

ink. The portion of prism No. 3 used to determine the indices of refraction

showed the same dichroism as prism No. 1. Its identity as type I was

checked by an r-ray powder photograph of the portion used for the opti

cal examinations.
Each prism was set up on the same goniometer used for the morpholog-

ical study. The prism angle was measured ten times on difierent parts of

the scale, the average being used in the calculations. The minimum de-

viation angles for the ordinary and extraordinary rays through the prism

were measured three times for each of the wave-lengths of llght used.

Finally the angle between each polished prism face and the basal pinacoid

was measured five times, these measurements being necessary to deter-

mine the true e value.
Omega and e'were determined from the prism angles and the deviation

angles by the usual formula for minimum deviation. The results appear

under the columns headed "<o, 1st" and "e' 1st" in Table 29. Subse-
quently, the prism and deviation angles were measured again, the results

of these calculations appearing underthecolumnsheaded "2nd'" Mono-

chromatic light was supplied by a mercury vapor tube, hydrogen Geissler
tube and sodium and lithium flames. The most precise measurements of

indices of refraction given in Table 29 are indicated by asterisks. The ab-

sence of a symbol indicates average precision while less reliability is indi-

cated by question marks. The reason for the latter was the weak signals,

and therefore, somewhat uncertain deviation angles, afiorded by some of

the prisms for some of the wave-lengths. It is believed that the average

values indicated by asterisks are correct to within +0.0003'
The prisms were cut in such a manner that the refracting edges were

approximately parallel to the c-axis. However, because of the methods

employed, high precision could not be attained, and for that reason the

index obtained for the extraordinarv rav bv the usual formula was the

355



356 NEWMAN W. THIBAULT

Wave
Prism
No. &
SiC

Typ"

Lengt
(A) lst

€

(calc.)

2.6674??

1st 2nd Avg.

2.6676?? 2 .667 1?? 2 .6674?6708
(Li)

6563
(H)

5895
(Nu)

5781
(He)

5461
(Hg)

4867
(H)

4047
(Hg)

1 , r
2a, I
2b, rr
3 , r

1, I I
2a, I
2b, IT
3 , r

1, I I
2a, r
2b, TI
3 r r

1 , i l
2a, r
2b, II
3 , r

1, I I
2a, r
2b, II
3 , r

r , I I
2a, I
2b, I I
3 , r

1, II
2a, I
2b, II
3 , r

1, I I
2a, I
2b, II
3 , r

2.6269 2.6265 2.6267

2.6294* 2.6297* 2.6296*
2.6283 2.6285 2.6284
2.6307 2.6309 2.6308
2.6294* 2.6288* 2.629I*

2 .6474*  2 .6476*  2 .6475+
2.6465 2.6469 2.6467
2.6485 2.6489 2.6487
2.6470+ 2.6466* 2.6468*

2.6509* 2.6513* 2.6577*
2.6502* 2.6505* 2.6504*
2.65224 2.6527* 2.65254
2.6506* 2.6505+ 2.6506*

2.6629* 2.6632* 2.6631*
2.6622* 2.6624* 2.6623*
2 6640* 2.6M* 2.6642*
2.6625* 2.6624* 2.6625*

2 .6923 2 .6932 2 .6928
2.6920 2 .6918 2 .6919
2.6941 2.6945 2 6943
2.6931 2 .6923 2 .6927

2.7304 2 .7305 2 .7sos
2.7298 2 .7302 2 .7s00
2.7319 2 .7321 2 .7320
2.7301 2 .7294 2 .7298

2.7650? 2.7651?

2.7&0? 2.7638?

2.7410?? 2 .7421?? 2  74 t6?

2.6695 2.6696

2.6692? 2.6696?

2.6888* 2.6889*
2 .6928 2 .6926
2.69A4 2.6905
2.6890* 2.6891*

2.6934* 2.6933*
2 .6966 2 .6965
2.6947 2.6947
2.6930* 2 6930*

2.7065* 2.7064*
2 .7096 2 .7095
2 . 7 0 7 3  2 . 7 0 7 2
2.7065* 2.7062*

2.7409? 2.7404?

2.7822 2 7824
2.7860'? 2.7856?
2.7830? 2 .7833?
2.7822 2 .7820

4358
(He)

2.6700?

2.6889s
2.6923
2.6905
2.6891"

2.6937*
2.6963
2.6946
2.6930*

2 7062+
2.7094
2 . 7 0 7 1
2.7059*

2 .6889*
2.6930
2.6909
2.6892+

2.6933*
2 .6969
2.6951
2.6937*

2.7064*
2 .7099
2 . 7 0 7 6
2.7063x

2.7416??

2.7405?

2 . 7 8 2 4
2.7860?
2 .7837 ?
2 .7821

2.7398?

2 . 7 8 2 5
2.7852?
2.7835?
2 . 7 8 1 8

apparent value (e') and not necessarily the true value (e). The latter may
be calculated from the true prism angle and the angle which each of the

Tesr-n29. Imrcns cx Rnlnlcrrox axn Drspnnsroll or a-SiC, Tvplrs I aNt II
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prism faces makes with the basal pinacoid by the use of a series equations
given by Born (1887). The writer is indebted to Mr. K. F. Whitcomb,
Norton Worcester laboratories for some of the necessary calculations
based on solid analytical geometry. Table 29, however, indicates that
the maximum difierence between e' and e hardly exceeds the experimental
error of the best measurements of e'.

Types I and II a-SiC are not characteized by different refractive in-
dices since both c.r and e of prism No. 1 (type II) and prism No. 3 (type I)
are the same within experimental error. From this we may conclude that
the indices of refraction of all a-SiC types are fundamentally the same.

In disagreement with the conclusions of Weigel, however, difierences in
indices of refraction, presumably due to material in solid solution in the
crystal, do occur within a single type as indicated by the differences found
between the values obtained from prisms No. 1 and No. 20, type II, or
from prisms No. 2o and No. 3 both type I.

Additional proof of the influence of material in solid solution on the in-
dices of refraction of a-SiC was afiorded by prism No. 3. Although the
polished prism surfaces reflected faultless signals on the goniometer, mul-
tiple signals accompanied by blurs were observed for both the ordinary
and extraordinary rays passing through the prism. No indication of any
biaxiality could be observed, so it seems improbable that the multiple
signals were due to strains in the crystal. A marked variation in color was
observed under the microscope. One area about 1 mm. square was uni-
formly light green, while the remainder of the prism varied from light
green to medium blue. By permitting light to pass only through small
portions of the prism at a time, it was found that the difierently colored
zones gave ordinary and extraordinary ray signals which varied slightly
in position. This indicated differences in indices of refraction with color,
which must be caused by variation in the amount or kind of material in
solid solution or submicroscopic suspension. The indices given in Table 29
for this prism were obtained from the light green area which gave mini-
mum values. The indices from the darker areas could not be determined
satisfactorily but in some cases were certainly higher by at least 0.002.

Table 29 indicates that the following variations in indices for Na-Iight
have been observed during the present study:

a:2.6467-2.6487 e :2.6889-2.6930

Similar variations were found for all other wave-lengths so that the dis-
persions of both r,r and e were the same for all prisms, the average values
being:

Dispersion of u (4360-6200 A):0.0918
Dispersion ot e (43604200 A;:9.1623.
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The data on the indices of refraction of SiC published by Becke (1895)
and Tone (1908) are incorrect, since the methods used by them for the
determination of the optical constants are not accurate. All of the indices
of refraction determined during the course of the present study were
0.005 to 0.009 lower than the values given by Merwin for corresponding
wave-lengths. This is probably due to inaccuracies resulting from the
curved surfaces on Merwin's prism faces. The indices of refraction of the
ordinary ray for all the prisms studied were within about 0.001 of the
values given by Weigel ( 1916) f or all wave-lengths. The e of prism 2o was
within 0.0006 of Weigel's determinations for ali wave-lengths, but the
same values from the other prisms were 0.003 to 0.004 lower than re-
ported by him. The dispersions agreed with the values reported by Wei-
gel.

BBra Srr,rcoN Cansron

The cubic SiC encountered in the course of this study was transparent,
yellow to olive green in color, and for the most part isotropic. In prac-
tically aII cases, however, Iamellae of an anisotropic substance were pres-
ent as inclusions.

A study of B-SiC was made by embedding fragments of it in sulphur-
selenium melts of known indices of refraction using fragments of a green
crystal of a-SiC, type II, as control. The wave-Iength used was essentially
equivalent to that of lithium because of the high index of the melts found
necessary. The index of B-SiC for this wave-Iength is close to 2.63, about
that of the o ray of a-SiC.

Petrographic examination of the cubic SiC crystal illustrated by
Fig. 9 indicated that the anisotropic substance included within it was in
the form of very thin basal plates parallel to tetrahedron faces of the
B-SiC. These plates were found to be uniaxial positive rvith <o for Li about
2.63 and e)2.66. These facts, together with similar spatial relationships
found between crystals of B-SiC and macroscopic crystals of a-SiC, indi-
cate that the lamellae are basal plates of a-SiC, confi.rming a conclusion
already reached from o-ray studies.

OTHER POLYTYPIC SUBSTANCES

SiC was for a number of years the only known substance exhibiting the
phenomenon of polytypism, and may today be considered the prototype
of polytypic compounds because of the large number of types and the
detail in which they have been studied. In recent years, however, data
have appeared which clearly indicate that several other compounds are
polytypic. For the most part the following descriptions have been taken
from the literature.
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Coquimbite and paracoquimbite, both with the formula FerOa 3SOg.
9H2O, are two minerals, which have been described as polytypic by Un-
gemach (1935a) and confi.rmed by Bandy (1938). The series of crystal
forms of coquimbite is characteristic of a hexagonal substance while that
of paracoquimbite is characteristic of a rhombohedral lattice. When the
indices of the forms are simplified to the greatest extent, the indicated
c: a ratios are 1.5643 and 4.6928 respectively, the values being exactly ra-
t ional ly  re lated as 1:3.

Rotation photographs of the two substances yielded the following cell
dimensions, both being referred to the smallest hexagonal unit:

Coqui.mbite Paracoquimbile
do 10.8b A 10.90 A
co 17.08 A 51.1b A

Thus the d.0 values are probably the same, and the co dimensions ration-
ally related within the limit of error of the measurements.

Syntaxic intergrowths of coquimbite and paracoquimbite are very
common, several examples of which are adequately illustrated by Unge-
mach's crystal drawings. The plane of contact between the individuals
involved in the coalescences is always the basal pinacoid, the line of de-
marcation often being evident on the crystal by re-entrant angles or
striations.

The similarity of the morphological and structural crystallography of
coquimbite and paracoquimbite to that of the a-SiC types is so evident
that no comments need be made.

In a paper on syntaxis and polytypism Ungemach (1935b) has shown
that the minerals parisite and synchisite may very reasonably be divided
into three modifications or types, all having the same composition
(CeF)zCa(COa)a. The crystals of these minerals are not as well developed
as are those of SiC or coquimbite-paracoquimbite, but it seemed possible
to establish the three varieties with the f ollowing ci a ra"tios:

a-Parisite (hexagonal) : 4.473

P-parisite (rhombohedral) :10 094

rhese three ,.,., .,;:,;::;ffi ..;,:':, 4:e-.6.Again certain
crystal forms are common to two or all three of the varieties which often
form syntaxic intergrowths (coalescences).

For a number of years the r-ray powder photographs of several samples
of natural graphites have been observed to show "extra" lines, appar-
ently not due to impurities, but not indexed on the basis of the known
graphite structure. Lipson and Stokes (1942a,1942b) find that these lines
may be accounted for on the assumption that there exists within these
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samples abofi l4/1" of another f orm of graphite whose o6 cell dimension is
the same as that of ordinary graphite, but whose ,0 value is 3 f 2 as great.
This new structure is said to be based on a rhombohedral lattice and to
belong to space group R3m whereas ordinary graphite is based on a hexag-
onal cell and belongs to C6mc. Again these appear to be polytypic com-
pounds.

ft seems quite certain that as more complete morphological and struc-
tural data concerning both minerals and artificial compounds become
available, more polytypic substances will be found. The most fruitful
field of search would seem to be compounds crystallizing in the hexagonal
system, where polytypism might explain the appearance of two or more
incompatible series of crystal forms, for example, a rhombohedral and a
holohedral series, inconsistent x-ray patterns, or data seemingly showing
transitions, etc. The crystal systems of lower symmetry should not be
overlooked, however. The value of the optical goniometer in connection
with the study of polytypic substances cannot be overempha"sized, for the
study of SiC has amply proven the rapidity and certainty with which the
various types and the presence of syntaxic intergrowths or coalescences
may be determined with its aid. Entirely incorrect or inexplicable data
might well result from the r-ray examination, without adequate mor-
phological study, of a crystal which appeared to be single and well devel-
oped, but which actually was a syntaxic intergrowth of two or more
types.
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