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THE RELATIONSHIP BETWEEN UNIT-CELL EDGES AND
COMPOSITION OF SYNTHETIC WURTZITES1

Bnraw J. SrrNnrn ,q.No purr.rp M. Bnrnrn, Lt. S. Geological
Suraey, Washington 25, D. C.

Assrnacr

Synthetic 2H wurtzites have been prepared in the composition planes ZnS-Fes-Mns
and ZnS-FeS-CdS. In both planes, the unit-ieil edges are linear functions of the composition
expressed in mol per cent.

The cell edges of Fe- plus Mn-bearing wurtzites are described by the Iinear functions

a : 3.8230 + 0.000490 X + 0.001628 Z
c : 6.2565 + 0.000886 X + 0.002089 Z

where o and c are in Angstrom units and x and z are the FeS and Mns contents respec-
tively.

The cell edges of Fe- plus cd-bearing wurtzites are defined by the linear functions

a: 3.8230 + 0.000490 X + 0.003124 y
c : 6.2565 + 0.000886 X + 0.004555 y

yh"-t" 1 
and c are in Angstrom units and X and y are the FeS and cds contents respec-

tively, in mol per cent.

INrnooucrroN

structure, and anions such as selenium and oxygen can replace the sulfur.
Numerous previous studies have demonstrated that measurable changes
in the unit-cell edges of wurtzite accompany the compositional changes
of the solid solutions.

Frondel and Palache (1950), Strock and Brophy (1955) and others
have demonstrated that regular one-dimensional stacking faults may
occur in wurtzites, giving rise to higher periodicities along the c-axis than
the 2-layer repeat of common, or 2-layer hexagonal (2H) wwtzite. All

1 Publication authorized by the Director, U. S. Geological Survey.
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SYNTHETIC WURTZITES 1383

wurtzites prepared in the present study have the basic 2H structure.
This statement is based on the r-ray work of D. Appleman, who kindly
studied a number of single crystals by the Buerger precession method and
found them all to be 2H. In addition, x-ray diftractometer tracings and
r-ray powder diffraction fi.lms were made of all compounds prepared,
and no l ines were observed that could be attributed to a stacking se-
quence other than 2H.

Sauprn PnBpen-q.rroN AND MpasunBunNr

All wurtzite samples were prepared by heating mixtures of the req-
uisite amounts of ZnS, FeS, MnS and CdS in sealed, evacuated, silica-
glass tubes. The starting compounds were prepared from the same zinc,
iron and sulfur described by Skinner et al. (1959) and the same manganese
and CdS described by Skinner (1961).

Unit-cell edge measurements were all made with the r-ray diffractom-
eter using copper radiation. The (110), (200), (210) and (300) spacings
were used to determine o and the (103), (004), (203) and (114) to deter-
mine c. NaCI was used as an internal standard of measurement; the unit-
cell edge of NaCl was taken from Frondel (1955) and converted from
kX to A by the conversion factor 1.00202 (Bragg,1947).

Individual difiraction lines were measured by successive oscillations,
each oscillation including both the reference line of the internal standard
and the wurtzite line under observation. A minimum of six oscillations
were made over each line. The samples prepared by Bethke (samples
labeled B, Table 5) were measured against NaCl, using the step-scanner
attachment on the *-ray difiractometer. Two individual measurements
were made for each composition, the sample being rotated 180' about an
axis perpendicular to the surface, after each measurement.

A value for o, independent of c, was calculated directly from each
measurement of the h00 and 2ft0 spacings selected. The calculated o's
were combined by taking the average, and the average a used to calculate
a value for c from the measured spacings of the (103), (203) and (114) re-
flections. A value for c, independent of o, can be calculated directly from
the (004) spacing. All the calculated d's were averaged to get the value of
c quoted for a given composition.

The values quoted in Tables 4-9 ior the cell edges of individual com-
pounds are the numerical averages of all measurements of the compound.
The precisions stated have no statistical significance and are simply the
maximum observed deviation from the numerical average. Previous
studies have shown that the methods employed allowed the same re-
producibility to be attained by difierent workers, using different equip-
ment (Skinner el al.,1959),
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UNrr-CBrr Encps or Punn WunrzrrB

The cell edges of pure wurtzite have been measured by a number of
workers, and these values have been gathered for comparison in Table 1.

It is apparent that there is reasonable agreement between various
workers for the value of o. Agreement on the value of c, however, is less
satisfactory. Swanson and Fuyat (1953) and the present authors are in
essential agreement, but the values of other workers are widely scattered.
The reason for these discrepancies cannot readily be found in composi-
tional difierences, except perhaps in the case of Ulrich and Zachariasen
(1925) who recorded both a and c significantly greater than anyone else.
The discrepancies may possibly be found in differences of measurement
procedure, but unfortunately most workers did not describe their
methods in sufficient detail to allow adequate review. However, Smith
et al. (1957) specifically state that they used the (110) reflection to de-
termine o and the (006) to determine c. Although (006) is a permissible
reflection in the space group P63mc, it was not observed in powder pat-
terns taken in the present study, nor in the extremely careful and detailed
study of Swanson and Fuyat (1953). It is probable that Smith and his
co-workers mistook the strong (302) reflection for that of the (00_6). Re-
calculating their data on this assumption, a value for c of 6.257 A is ob-
tained, in good agreement with our results and those of Swanson and
Fuyat  (1953).

Lacking further details on which to evaluate the other measurements
we have used the cell edges of pure wurtzite determined in the present
study to construct the curves of cell edge versus composition.

Tegr,n 1. Uxrr-Cnr,l Eocns ol Wunrzrre (ZnS)

Unit-cell edges
Investigator

Ulrich and Zachariasen (1925)
Fuller (1929)
Kroger (1938)
Swanson and Fuyat (1953)
Kullerud (1953)
Smith el al. (1957)
Skinner and Barton (1960)
Skinner and Barton (1960)
Present study

a r L

3.84141
3 . 8 1 9 r
3  .8191
3.8202

3.8217+0.00031
3.8226
3.8232
3.8237

3.8230+0.00053

6.290
6.247
6.247
6.260

6.2702+0.0403
6 . 2 M

Not reported
Not reported

6. 2565 + 0.0006

c , A

1 Converted from kX to A by the kX/A conversion factor, 1.00202.
2 4t26" C.
3 At 25' C.
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Tasrn 2. UNrr-Cnlr. Eocns ol Gnoexocrrrr (CdS)

Unit-cell edges

Investigator

1385

c, ftI
A , A

Ulrich and Zachariasen (1925)
Kroger (1939)
Swanson, et al. (1955)
Smith (1955)
Hurlbut (1957)
Present study

4.  1501
4.139r
4.1362

4.1348+0 0015
4 . 1 + 3

4.1354+0.0008,

6 . 7 3 8
6. 705
6 . 7 1 3

6.7490+0.0010
6 . 7 2 9

6.7120 +  0 .0007

t Converted from kX to A.
2 At 25' C.

UNrr-CBrl Eoces oF GREENocrrrn (CsS)

Greenockite (CdS) has the same structure as wurtzite, but a consider-

ably larger unit cell. The values of. a:4.1354+0.0008 A and c:6.7120+

0.0007 A at 25' C. for the cell edges of pure greenockite, recolded in the

present study, are in good agreement with the careful study of Swanson

el al. (1955) (Table 2). The a value is also in excellent agreement with

the 4.1348*0.0015 A repor ted by Smith (1955) '  Smith 's  c  value of

6.7490t0.0010 A is in poor agreement with the present study, however'

As in the case of wurtzite, Smith used the (006) reflection to determine c,

but since neither Swanson et at. (1955) nor the present author recorded

the (006) on powder films or diffractometer tracings, it is believed Smith

mistook the (302) for the (006). Recalculating his data on this assump-

tion gives a value oI 6.724X0.001 A for c, in better agreement with the

present study.

Tann 3. UNr:r-Crr,r- Eocns ol FeS-BnanrNc Wunrzttns DntonMrNnn sv

Kullenun (1953). Cor.rwnrED lRoM kX to A UNr:rs ero Connncrnn

lon Ennons rl+ nol Pnn CnNr Car,culerroxs

FeS content Unit-cetl edges (corrected)

Weight
per cent

0
+ .  t J

9 .30
22.OO
30.00

Mol per cent
(corrected)

0
5 . 2 4

r0.21
23 .82
32 .20

6.2702+0.0003
6.2733+0.0004
6.2765+0.0004
6.2880+0.0004
6.2943+0.0004

c , A

3 .8217+0 .0003
3.8233+0.00o1
3.824310.0004
3.8296+0.0004
3.8324+0.0004
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BtNenv Wunrzrrps
Fe-bearing wurtzites

Kullerud (1953) demonstrated that a discontinuous solid-solution
series with the wurtzite structure extends from Zns to approximately 42
mol per cent FeS. He also presented a series of measurements for the cell
edges of Fe-bearing wurtzites. His measurements are incorrectly stated
as being in A, whereas they are actually in kX units. Kullerud used NaCI
as an internal standard of measurement, taking the unit-cell edge of
pure NaCl from Wyckoff (1943). The confusion over units arose from an
error by Wyckofi who misquoted the cell edge of NaCl in A when it
should have been in kX. There is also a minor numerical error in Kul-
lerud's conversions of weight per cent to mol per cent. corrected values
of Kullerud's data are presented in Table 3 and Fig. 1. Cell edges of Fe-
bearing wurtzites determined in the present study are presented in Table
4 and graphically in Fig. 1. The disagreement between Kullerud's data
and the present study is disturbingly large. The curves for a versus com-
position diverge slightly, in the same manner that the @ versus composi-
tion curve for Fe-bearing sphalerites was found to diverge from Kul-
Ierud's curve (Skinner et al., 1959). The explanation possibly l ies, as
suggested for the sphalerite case (Skinner et a1.,1959), in the use of

.  PRESEilT STUOY
o xULLERUD (t953)

Frc. 1. Unit-cell edges, in A, of Fe-bearing wurtzites.



WURTZITES

or Fe-BEARTNG Wunrzrrns

FeS content

TISLE 4.

per cent

Unit-cell edges

Weight
per cent

a , A
+ 0.0006

3 .8250
3 . 8 2 7 6
3.8286
3 .828s
3 .8310
3.8307
3 . 8 3 1 6
3.8317
3 .8340
3.8346
3.8345
3 .8365
3.8369
3.8380
3 .8394
3 .8405

" r A+0.001

+ . J l

10.30
1 0 . 3 1
10.88
1 4 . 5 6
1 5 . 3 5
l o . 4 ( )

16.85
20 64
20.70
2 t . 5 7
25 23
26.05
28 .00
30.89
3 t .66

5 . 0 4
r t .29
1 1 . 3 0
1 1  . 9 2
15 .89
1 6 . 7 3
t7  .92
1 8 . 3 4
2 2 . 3 8
n a  t l

23 .36
27  .22
28 .08
30.12
J J . I J

33 .93

1150
1 150
1 1 1 0
1150
1 1 1 0
1 150
I 150
1 1 1 0
1 150
I 150
1 1 1 0
I 150
1150
1 1 1 0
1 150
1150

6.2ffi7
6.2678
6.m67
6.2674
6.2707
6.2719
6.2730
6 . 2 7 2 7
6.2750
6.2769
6.27  64
6.2795
6.2820
6.2829
6.286r
6.2860

88
48

r27
88

127
88
48

127
88
48
27
88
48
27
48
88

slightly oxidized FeS as a starting material by Kullerud. The c versus
composition curves, however, have a further serious and unexplained
discrepancy, since Kullerud's curve lies significantly above that of the
present study. The reason for the lack of agreement is unknown, but
may, as suggested for the pure wurtzite measurements, be due to difier-
ences in measurement procedures.

Both the a and c values of Fe-bearing wurtzites change linearly with
composition. Functions suitably describing these relations are:

a:3.8230 + 0.000490X
c :6 .2565+0 .000886X

where o and c are in Angstrom units and X is the FeS content in mol
per cent. These equations are derived from least squares analysis for
the best f itt ing straight l ine that passes through the values for pure
wurtzite. The standard deviation of measured values of o from the best
fitt ing l ine is +0.0004 A; and of c, *0.0007 A. fne cell edges of the
hypothetical FeS compound with a wurtzite structure are, by extrapola-
t i on :  a :3 .8720  A  and  r : 6 .3451  A .

Mn-beari,ng wurtzites

An extensive, but discontinuous solid-solution series extends from
wurtzite towards MnS. Kroger (1938) observed that the series was stable
to at least 55 mol per cent MnS.



1388 B. J. SKINNER AND P. M. BETHKE

Tasle 5. Ulrrr-Cnr,r, Encns or Mn-BuenrNc Wutrzrrns

MnS content Unit-cell edges

Weight
per cent

Mol
per cent

1 . 8 6
2 . 6 0
4 . 0 5
+ .  t 9
6 .08
7 . r 8
8 .  1 3
8 .  1 6
9 . 9 7

1 0 . 5 0
13 .96
1 5 . 1 0
19.48
20.13
2 r . 7 8
29.95
31 .60
39.96
40.  15
4 6 . 7 2
+9.84

a r L
+ 0 .0005

, , 4
+0.0008

Sample
prepared

byt

1 6 7
2 . 3 3
3 .63
4.  30
5 . 4 6
6 . 4 6
I  . J L

/ .1.)

9 . 0 0
9 . 4 8

t 2 . 6 5
t3 .70
t 7 . 7 6
t8.37
t9.91
27 .63
29.20
3 7  . 2 7
37 .46
4 3 . 9 1
47 .0 r

1200
tt20
1200
t120
1200
tl20
tt20
t200
t200
t120
ll20
1200
tt20
1200
tt20
1200
tr20
1200
ll20
1120
nm

120
160
t20
160
120
160
160
t20
120
160
160
120
160
120
160
120
r60
120
160
160
tzo

3.8270
3.8274
3.8292
3 .8310
3 8322
3 .83s0
3.8360
3 . 8 3 5 7
3.8380
3 .8400
3 .8457
3 .8475
3 .8550
3 .8561
3.8584
3 . 8 7 1 8
3.8742
3 8888
3 .8882
3 .8990
3 .9050

6.2603
6.2611
6 .267 r
6.2687
6 2709
6 .27 t3
o . z l J l

6.2740
6 . 2 7 7 7
6.2770
6. 2858
6.2880
6.2966
6.3000
6.3000
6 . 3 2 1 2
6. 3205
6 . 3 3 7  |
6.3411
6 . 3 5 1 5
6 . 3 6 1 8

B
S
B
S
B
S
S
B
B
S
S
B
S
B
S
B
S
B
S
S
B

I S refers to samples prepared by Skinner, B to those by Bethke.

The cell edges of Mn-bearing wurtzites determined in the present study
are presented in Table 5 and graphically in Fig. 2. Similar measurements
by Juza et al. (1956) and Smith et al. (1957) are also plotted. It is appar-
ent that there is good agreement between the values obtained in the
present study and those of Jrza et al. (1956), but that serious disagree-
ments arise with the data of Smith el al. (1957). Kroger (1938) stated
that he observed a l inear change of cell edges versus composition for
Mn-bearing wurtzites, and that the projected l inear plot passed through
the measured cell edges of metastable hexagonal MnS.*

Our data also confirm the l inearity of the relationships between both

x Three modifications of MnS are known. A cubic form, metastable at room tempera-

ture, having a sphalerite-type structure; a hexagonal form, with a wurtzite-type structure,

also believed metastable at room temperature, but recently reported in nature from thin

manganiferous layers in marine, organic muds by Baron and Debyser (1957); and a

second cubic form with a sodium chloride-type structure, occurring in nature as the mineral

alabandite.
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& and c and composition, but our projected c vaiue for pure MnS is
0.02 A higher than that measured by Schnaase (1933). Smrth et ot.
(1957) on the other hand reported a discrepancy of 0.065 A between their
projected plot of @ versus composition, assuming iinearity, and the
measured value of o for hexagonal MnS.

Kroger (1938), Juza et al. (1956) and the present study are in excellent
agreement on the cell edges of Mn-bearing wurtzites, in spite of a diver-
sity of preparation and measurement methods. It is suggested, therefore,
that Smith et al. (1957) must be mistaken in the compositions they assign
their synthetic wurtzites.

Least squares analysis of our data yield best f itt ing straight i ines
passing though the values for pure wurtzite that are described by the
following equations:

a:3.8230+0.0016282

c : 62565 + 0.0020892

where o and c are in Angstrom units and Z is the MnS content in mol per
cent. The standard deviation of measured values of a from the best
fitt ing straight l ine is *0.0005 A, and of c, *0.001f A. fhe extrapolated
cell edges of pure MnS with a wurtzite structure are a:3.9858 A and

o

o

.  P R E S E N T  S T U O Y

c  s M T H  e r  o r  ( r 9 5 7 )

x  J ! z a  e r  o  ( 1 9 5 6 )

50 60
MnS M0L  PERCENT . - - - t

Fro. 2. Unit-cell edges, in A, of Mn-bearing wurtzites.
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Tlsrn 6. UNr:r-CBr-r, Epcns ol CorupouNns rN rnp WuntzrrB-Gnnnwocxrte

Sorrp-SolurroN Srruns

CdS content Unit-cell edges

Weight
per cent

5 . 1 2
9 . 5 9

10.03
19 81
20.4r
34.u46
40 2 l
4 2 . 7 0
50.23
61 .08
69.32
69.99
78.42
79.60
89 .05

Mol
per cent

. t . J l

6 . 6 8
6 . 9 9

14.28
14.75
2 6 . 1 8
3 1  . 2 1
33 45
40.50
51.42
60.38
6 t . 1 4
7r .02

84.  58

Temp.
' c .

Time
(hours) o r h

+ 0.0006
c r L

+ 0.001

96s
965

1145
858

1145
1145
858

1145
1 145
1145
1000

6Jl.'

I 145
1000
1000

162
162
40

40
40

.).t I

40
40
40
95

531
40
95
95

3 . 8 3 2 8
3.8440
3 .8430
3.8674
3.8682
3.9020
3.9194
3.92ffi
3 .9507
3.9832
4.0rr2
4 0136
4.0434
4.4482
4.0900

6 . 2 7 3 6
6. 2888
6.2938
6.3226
6 3238
6.3728
6.4006
6.4068
6.M34
6.4938
6 . 5 3 1 8
6.5388
6.5804
6.5934
6.6398

c:6.4654 A. Schnaase (1933) measured the cell ed-ges of pure MnS with

a wurtzite-type structure and reported a:3.984 A,* in excellent agree-

ment with our results; and c:6.445 A,* in poor agreement. The material

measured by Schnaase was precipitated from an aqueous solution at low

temperatures and was therefore subject to possible serious compiica-

tions from polytypism. Since polytyping afiects the measured c values

much more strongly than it does the o values, l i tt le weight can be placed

on Schnaase's determination of c.

C d.-b e arin g wur tz'ite s

Kroger (1939), Hurlbut (1957) and others have demonstrated that a

complete solid solution exists between wurtzite and greenockite (CdS).

A number of compounds in the series were prepared in the present study

and their cells edges measured. These data are presented in Table 6 and

Fig. 3. Hurlbut (1957) presented a series of cell-edge measurements for

the same solid-solution series. His data are in error, however (Hurlbut,

written communication, 1959), as he incorrectly labeled the compositions

of his synthetic compounds as mol per cent when actually they are in

weight per cent. His measurements, converted to mol per cent, are

plotted on Fig. 3. The plot of o versus composition is in excellent agree-

*  Converted f rom kX to A.
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GdS MOL  PERCENT +  
-

Frc. 3. Unit-cell edges, in A, of compounds in the wurtzite-
greenockite solicl-solution series.

ment with that of the present study and also with the natural com-
pounds described by Hurlbut (1957). The plot of c versus composition,
however, is not in good agreement. A l inear relation was found in the
present study but all of Hurlbut's measurements fall above the observed
Iine. The natural compounds reported by Hurlbut, however, are in good
agreement with the synthetic compounds prepared in the present study.
The curves are sensibly l inear, the curvature observed by Hurlbut (1957)
appearing only when compositions are expressed as weight per cent.

Burianova (1960) reports a zincian greenockite with the composition
(Cdo.zqtZna.zs+)S from a sedimentary deposit at Tuva. The reported unit-
ce l l  edges are a:4.030+0.004 A and c:6.563+0.004 A.*  Bur ianova's
data fall somewhat below the unit-cell edge versus composition curves
(Fig. 3) but, within the l imits of measurement and analysis, must'be
considered in reasonable agreement with the synthetic compounds.

On plots of o and c versus CdS content, l ines drawn through the values
x Converted from kX to A.

.  PREgETT STUOY

O HURLAUT (1957',  SYNTHETIC

x HURLSUT il957), TATURAL

B BuRnrovA fl96o), MTURAL
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Tlsrn 7. Usrr-Crr-r, Eocrs ol Fe-Branrnc GnrnNocnrrss

FeS content Unit-cell edges
Temp.

o c .
Time

(hours) a , A
+ 0.0008

4 .1158
4.0954
4 .07  52
+.0644
4.0400
4.0280
4.0078

C , A

+ 0.001
Weight
per cent

Mol

Prr  LquL

8  . 8 1
16.28
2 2 . 5 9
28 .85
36.00
42.00
4 7  . t 4

5  .55
10 .58
15 .38
19.79
25 .50
30.59
3 5 . 1 8

900
800
900
800
900
950
950

238
431
238
43r
238
238
238

6.6826
6.6s43
6.6243
6.6037
6.5780
6.5490
6.5400

for pure wurtzite and pure greenockite also fit the observed values of the
various intermediate compositions rather well. Because of the good fit
and the minimum compositional uncertainty of the pure end members,
these relationships have been chosen to describe our data. The cor-
responding functions defi.ning the variation in cell dimensions with com-
position are:

a:3.8230 + 0.003124Y
c:6.2565 +0.004555Y

where o and c are in Angstrom units, and Y is the CdS content in mol
per cent. The equations fit our data to +0.001 A fot, and *0.003 A
Ior c.

F e-b earing gr eenockit es

An extensive but incomplete solid-solution series, having a wurtzite
structure, extends from greenockite towards FeS. Fe-rich greenockites
containing up to 47 mol per cent FeS were prepared at high temperatures
and quenched to room temperature. The iron replaces cadmium in the
greenockite structure, with a resultant marked decrease in the cell edges
of the greenockite. Measurements demonstrating this efiect are presented
in Table 7, and graphically in Fig. 4. It is apparent that within the limits
of measurement error the decrease in cell edges with increasing FeS con-
tent must be considered l inear.

On plots of o and c versus FeS content, I ines drawn through the values
for pure CdS and for FeS with a wurtzite structure (obtained by extrap-
olation of the Fe-bearing wurtzite data presented above) fit our data

well. The functions are:

a: 41354 - 0.002634W

c : 6 . 7 7 2 0  -  0 0 0 3 6 6 9 W
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where a and c are in Angstrom units and W is the FeS content in mol per
cent. The functions define both a and c to t0.003 A.

Kroger (1939) demonstrated that greenockite can accommodate ex-
tensive replacement of cd by Mn in the structure. He further states that
the observed reductions in cell edges consequent on this replacement are
identical with those computed on the assumption of additivity of the
unit-cell edges of hexagonal CdS and hexagonal MnS. Apparently then,
both Fes and MnS cause linear decreases in the cell edges of greenockite.

TBnltany Wunrzrrn's

Fe- plus Mn-bearing uurtzites

During the course of systematic phase-equil ibria studies a number of
wurtzites whose compositions fall in the ternary composition plane
ZnS-FeS-MnS were prepared. The cell edges of these compounds have
been measured and are presented in Table 8. AIso given in Table 8 are
the cell edges calculated on the assumption of additivity using the func-
tions developed for the binary solid solutions above. rt can be seen that
the agreement between the calculated and experimental values of a is

60  70
PERCENT _-}

Frc. 4. Unit-cell edges of Fe-bearing greenockites.
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close, the standard deviation being less than *0.00f A. ttre experi-
mental c values, although in relatively good agreement, in general fall
below the calculated values. I{owever, there is no obvious systematic
relationship between composition and deviation of the experimental
values of c from those caiculated from the binary relationships. Certainly,
to a reasonable approximation, the additivity assumption adequately
describes the relationship between composition and unit-cell edges.

The functions used to calculale the cell dimensions of the ternarv
wurtzites are:

o : 3.8230 + 0.000490X + 0.0016282
c : 6.2565 + 0.000886X + 0.0020892

where X and Z are the FeS and MnS contents in mol per cent respec-
tively.

Kroger (1939) observed additivity for o versus composition in the sys-
tem ZnS-CdS-MnS. He states, however, "the c-axis experimental values
were slightly greater than the calculated onesl in the center of the system
the difference was about 0.03 A, decreasing continuously in the direction
of the pure substances."

It is apparent, then, that in both ternary systems, ZnS-FeS-MnS and
ZnS-CdS-MnS, Vegard's Law (the assumption of additivity) does hoid
for o but at best can only be considered an approximation in the case
ol c.

F'e- plus Cd.-beoring wurtzites

Compounds having the wurtzite structure can be prepared across much
of the composition plane ZnS-FeS-CdS. Four ternary compounds were
prepared during the present study, sufficient only to check the assump-
tion of additivity. The resuits are presented in Table 9. It is immediately
apparent that compounds in the system do obey Vegard's Law and hence
that functions defining a and c in the ternary compounds can be derived
bv simpre addition 

T": :h'i1Hfil'i"il##"'
c : 6.2565 + 0.000886X + 0.004555Y

where o and c are in Angstrom units and X and Y are the FeS and CdS
contents respectively in mol per cent. Calculated values of o and c using
these functions are presented in Table 9 for comparison with the meas-
ured values.

CoNcrusroxs

The unit-cell edges of aII compounds having the wurtzite (2H) struc-
ture, with compositions lying in the ternary planes ZnS-FeS-MnS and
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ZnS-FeS-CdS, are l inear functions of their compositions expressed in
mol per cent. Wurtzite structure-type compounds in the plane ZnS-CdS-
MnS were found by Kroger (1939) to have a l inear relation between o
and composition, but to have small departures from linearity at high
CdS plus MnS content in the case of c.

It is a reasonable conclusion therefore that a l inear relation exists be-
tween o and compositions expressed in moi per cent for the wurtzite
structure-type compounds whose compositions can be expressed in

terms of the components ZnS, FeS, MnS, and CdS. The function de-
fining this relation is:

a : 3.8230 + 0.000490X + 0.003124Y + 0 0016282

where o is in A and X, Y, and Z are the FeS, CdS, and MnS contents in
mol per cent respectively. The function should define a to *0.001 A.

Because of Kroger's observations on the small departures from linear-
ity of c versus composition in the plane ZnS-CdS-MnS, the assumption
of additivity for c, of wurtzite structure-type compounds in the quater-
nary system ZnS-FeS-MnS-CdS, can only be considered approximate.
The maximum systematic deviation observed by Kroger was 0.03 A,
and if we make the assumption that this is the maximum deviation in the
system, the function:

c : 6.2565 + 0.000886X + 0.004555Y + 0.0020892

where c is in A and X, Y, and Z arc the FeS, CdS, and MnS contents in
mol per cent respectively, should be true to *0.03 A.

The uncertainty raised by Kroger's observations clearly suggests that
the o versus composition function is a more suitable one to use in de-

termining the compositions of wurtzites from their unit-cell edges.
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