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X-ray Diffraction Refinement of the Calcium Tungstate Structure 

Allan Zalkin and David H. Templeton 

Lawrence Badiation Laboratory and Department of Chemistry, 
•\ 

Univ~rsity of Calif~rnia,·Berkeleyj California 

The cryst~l struct~re of Ca~~4 (scheelite).has been 

refined with single-crystal x-ray diffraction data. For 

the tetragonal cell a • 5.243 t o.oo2, c • 11.376 t o.ooJ l. - -· 
-··- -o.xYgen coord~nates 0.1504, 0.0085, 0.2111' correspond to 

Ca--0 distances 2.44 a~ 2.48 A and W~O distances 1.78 A • 
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We beca~ interested in the crystal structure o£ calcium tungstate 

(scheelit~) because we wished to compare it with the _closely-relateq 

· · structure o£ europium tungstate which we recently determined. 1 The 

· -: · scheelite structure was investigated by Sillen and Nylander2 who reviewed 
. . 

earlier work and determined oxygen coordinates from considerations ~r 

shape and size. They confirmed this structure with a limited amount- o£ 

x-ray data. We have refined this structure with mre precise ·x-ray 

:. •. 
diffraction data to obtain oxygen coordinates which agree with thos~ or 

· · ·. · .. · · Sill~n and Nylander within ·the accuracy which they claimed. A recent 

·. :. ·. study b;_ neutron_ diffraction.; is in excellent. agreement with our re~ults 
·.··.-.;:._:'·:·for both coordinates. and thermal paraneters~ :._.._:-: ·· .··.:· :. · 

. . \ . . . . . . '· .. · .. :. 

\ 
We used a large triply-pulled single crystal of synthetic CaW04 

which was grown by Dr. Kurt Nassau at the Bell Telephone Laboratory. 

A trapezoidal fragment·was chipped from the large boule;- it was roughly 

a parallelopiped of dimensions 0.015 X 0.0.35 X 0.11 rnin •. · It was mounted .. 

. · .. on a goniometer head with the long dimension (the tllOJ direct-ion) as the 

· axis of rotation. ·Measurements were made with a General Electric XRD-5 

.. gonio stat, scintillation counter, and Mo x-ray. tube ( >.. = 0. 70 926 'A f.or 

Ka1) •. Intensities were measured for 828 independent reflections permitted 

by the space group (29 <lo'0°) ~ 16.3 of which were recorded as zero. Each 

was· counted for 20 sec. "ThS most intense ~efl~ction, (112), was ··1000 

counts/sec. The.smallest.increment recorded by the scaler was o.S counts/ . . . 

sec.· &.ckground .at.the larger :angles was o.S·to·i.o counts/sec. 
I '1 ' .• • ·. ; . . . ' ··. . ~: ~ ... '. . . . ~ . . . . . 

. ·.• ...•• · : __ .· .:.'•":.·. .. . .. ' ,, . . .. . i:'. 
· ' I • · · '~-. , . • .-: ..... r 4 :" 

.l. ~·:"··.: •.. :~ '·.:· . .~ .. · .... _~~ · •.. '·'·. 't' \', ••••• • ., 
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"~ estimate the linear absorption coefficient as 405 em· for 

MoKa radiation. Absorption corrections were calculated by a numerical 

intea:ra.tion for a :rectangular priamwhich approximated the.ehape o£ 

the crystal. ·These factors ranged from 1.8 to 2.7 and were·checked 

by the angular variation of intensities with·phi for- reflections with 

. ' ~ equal 90°. Too· intensities' were .corrected by an empirical function 

for the alpha-doublet separation, which was complete for the higher angles. 
' 

.. ··A correction fo; extinction was made with an empirical factor 2500/(2500 - J.) / 

where 1 is the observed intensity in counts/sec.· This correction had an 

insignificant effect on most of' the. intensit~es, but increased the strongest 

by a factor 1. 7. 

Atomic scattering factors for Ca+2 and neutral 0 and W were.taken 

... from International Tables;, 4 Table J.J.lA. ·The values for 0 were increased 

1 
, ., -~-= ~~~~htl~ be_~ow sinS/A "' o. 2 to approxi~te a charge state of .- 2· ·values 

' .... for the dispersion correction ~f were taken from Table '4 3.3.2C. The 
I t 

correction L1f was taken as 0.4 for Ca and 7.5 for W. 
' ·.·., 

· . . . . vle minimized the function _E.w (IF 
0 

1- (F c I> 2 /Z wF 
0 

2 ·with a ie~~t:..squares 

:. . programs which w~ modified to incl:.ude the effect. of the imaginary dispersion.. 
, . 

: .. correction in the calculation of IF c I• 'Each reflecti_on was given unit 

weight. Atoms were given anisotropic tempera~ure factors of the for~ 

. exp (-~il h2 -~22k2 -J333t 2 -2J312hk -2J313ht -2~23kt)., with suitable constraints 
. . 

for th~ Ca and W atoms~ Refinement was continued until no parameter changed . . 

in the sixth decimal place. R.~ EIIF~_I-1Fcii/.£IF0 1 was reduced to 0.061. 
' 

The final observed and calculated structure factors are listed in Table I . 

the 

·.· .. 
~ '· . . 

' . 
. ' ~ 

. . ,··· ' . .... .. . 
RESULTS . ·. ,. . . . . .' • 
NN#W#W,.NN ,. • , · 

.. ..... 

The space group is ~l/! ...... _,For the 'body-centered cell we find, wit~ 
. . . ::: .... : . . >· -<: . . ;_ . '': ~ .. ' .. :.:.=:-:-:\: ~-~· '' .. . : :: ... . . . . . . 

synthetic Cawo4: . . " . . . : . :. :·: ._·, ... _: ... :_'.:. ·.:,-. .. . / ~ ,. . . . .·· ..... · .. 
: . . . . : .• .. -~ .. ,·. ~;. "~--~---~···.·,;-~:::~>< ~.;.~.:<_<;;. './ .::.: .. :.:< ... ·. · .. . . . 

i 
I. 
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! • 5.243 ± 0.002, C m 11.376 t 0.003 A. 
. . . . . 6 

These values are in good agreement with those. of Swanson~!!· who report 

$.242 and 11.372 £rom powder data. We compared powder photographs (CuK~ 

radiation) of our synthet~c ·Cawo4 and of a samp. le o£ natural scheelite. 

No difference in cell dimensions 'could be detected, also in agreement with 

Swan~on et al. 6 --
There are two distinct ways in which the axial system may be oriented 

· with· respect to the structure; one is changed to the other by interchange 

of the! and~ aies (and reversal of£~ one wishes.to preserve the handedness 

of the axes). The orientation of a partic~lar specimen which corresponds to 

our. oxygen coordinates may be determined by comparison of the intensities: 

(121) weaker than (211), (123) stronger than (213) •• In our calculations 

the ~orrect orientation·was determined by trial and error. 
' 

~~~--~:::- . ~· 
· ~~he.parameters and·standard deviations determined by least squ~es 
--· -

I 
•'.' '. 

are listed in Table II together with the neutron-diffraction results of 

Kay, Frazer and.Almodovar.3 The coor~inates agree more· closely tha~ the 

claimed accuracy, and the thermal parameters differ at most by little more 

:~:than the sum of the two standard deviations •. This concordance is gratifying 

·: · evidence of the accuracy of both methods. These results are stated with 

.the origin at the center of symmetry. If the origin is placed at a tungsten 
. . . 

_atom, our coordinates for oxygen can be chosen as 0.24~5, 0.1504, 0,0861 

·to conform with the setting used by Sil~~n and Nylander. 2 . 

,· .... The structure is shown in Fig.· 1. The in~eratomic distances less than 

··.:-..3.7 A are listed in Table III. Calcium has a·oxygen n~ighbors-at_~ average 

distance of 2.46 A. The vl04. group i~ nearly r~~lar tetrahedral with ·---. ......,_ 
.· 0 0 
O~W-o angles 107..5 (4 times) and 113.4 (2 times). These distortions 

from a regular tetrahedron are not much outside our limits of err.or, but 
. . . 

are confirmed very precisely by th~ neutron diffraction results. The 
. \ ' •• • • . ,·. ! '• 

. . . ·.·.:_ .•. _~. ·.:·,.::_!_·=_ .. ··._·,1 •• •• > ....... · .. ··.:._ ,·._··!:;· .. · • ··; .. ,· .: . . •, ' .. 
~ . . .-~ r~; .':: .. .' •.··~ .. ~ ."'· .· ... ." -· . ·- ·-: . 
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W--0 bond distance 1.784 A.becomes 1.789·A when corrected for thermal 

motion with the assumption that 0 rides on W. The fact that the tetrahedron · 

is not regular is consistent with the much larger distortions observed in 

Eu2(wo4)J in which ~he environment is less s~trica1.1 · In the latte; 

structure, the nearest-neighbor w--o distances average 1.74 and 1.78 A 
. . 

for two kinds of W atoms. · ·.I 

't.e thank Prof.· A. Pabst .fo~ giving us some· crysta~s of scheelite and 
~. . . . 

Dr. M. P. Klein for\giving·us the synthetic crystal • 

. · 
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. Table II. ·Parameters and standard deviations from least squares •. ~ 

~================================ 

.. 
\\ 

Parameter This work 

X :: 0.1504 t 0.001) 
. . . .• ~. 

· y · .' ~~ ·. ·.·. o.oo.85 * o.ool4 ··· 

b' 
Neutron diffraction 

. : . 

/. : . 
·.·· 0.1511 :f:. 0.0006 

. . ··· ) 

z . o. 2111 :t o.ooo6 · . , 

.. ;· 0.0100 :2: 0.0016 

· o.oo8T :t o.ooo5 · 

0.2111 :1: 0.0001 

0.0057 :t 0.0012 

. !322 . : .. · 0.0115 :t 0.0016 . 0.0073 :t 0.0014 
, ... ..... ··~ 

!3 . : ' 0.0016 :t 0.0003 0.0016 :t 0.0003 . . . . ,• 33 .... : .. 

: ·. . !312 0.0016 :1: 0.0013 0.0014 :1: 0.0007 

!313 0.0004 :1: 0~0006 . 0.0004 :t .0.0002 
. . 

.· .. .. .. !323· . ' o.ooo8 : o.ooo6 0.0005 ± 0.0002. 
'. 

· .. Calcium 

~11 0.0071 :t 0.0004 0.0051 :t 0.0022 

!333 0.0011 :t 0.0001 o.oo19 :t o.ooo6 

Tungsten 

~11 0.0036 :t 0.0001 0.0038 :t 0.0022 

~33 0.00095 ± 0.00003 o.ooo38 ± o.ooo53 

. . . 1 5 
aori.gin· at center of symmetry. C~ at ±(0, 4'· -g) + !· W at 

-...... 

(0 1 1) . T O t ( • · 1 • ) . 1 
:t , u' E' + , •. a ±.x' y~ z,. -x, ~ -_.Y, ~~ 4- y, 4 + x, 

• o ' I ' ; " • ., • 

1 • 1 . ·1 1 . .. : . . • 1. 1 1 . 
4 + z, i + y, 4- ~~ t ~.z) + l· ··l • (o,·o, o, i~ ~· i~·· · .. 

. ·• :! ' . 
b Ref. 3. . .... :. .· .. ·, . 

-.. ' ':· . ~ . 
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Table III. Interatomic distances in Cawo4. 

. Atom Neighbors 

. ,.._ ,,. Ca .. ,_!.'. . 4 0 . ·~ . 
•I,' 

:·: .. ~ 
: . ' !.' :· 

. ·· ·· ·.·· · .:·.· ' · w :\ : '· :" .. : \ ob .. 

'· 

. ,. 

.. , 

~. . . 
,' I• 

,·, 

<" .. -.... 

. . . 

·.. . . 4.o· 

... 0 .' .. w: 
'·· 1 w 

Ca 
. . - . . ~ 

. · ,• 2 0 
.' - . . ·. 

0 

2 0 

0 

0 

.. .. 

.. . . · 

.. -

'', • I 

.. 

1.78 

... 2.91.: 

: 1.18 

; . 2. 91 

.... 2.44 

.. 
2.77 

2.88 

. 2. 94 

).04 
' 

.3.14 

. aStandard deviations 0.01 A for Ca-0 and W-0. ·· 
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. ,. 

. ' 

- : ( . . . '·' ' . 

b" . . ... . '· · ... ._· ... :· .... '· 
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(figure caption). 

Fig. l. Crystal structure ~£ · Cav.o4• ·:·. T,he ~mber on each atom 

is its ::t. coordinate· X 100. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com~ 
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa­
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor­
mation, apparatus, method, or process disclosed in 
this report. 

As used in the above, "person acting on behalf of the 
Commission'' includes any employee or contractor of the Com­
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information .pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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