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PART II. THE CRYSTAL STRUCTURE OF MERGURJ:C TELLURATE 

I NTRODUCTION 

The very great stability of hydrated tellurie 

acid., H
2

Teo
4

, 2H
2

0 ~ was probably f'i:rst note,d by 

Berzelius, and it wa s later suggested that the two 

mol ecules of water be considered not as water> of 

crystallization, but as a part of t he mole~ule of 

tellurie acid.- This suggestion was ma.de more 

plausible by Baker and Aldam ( 1 ) , who .found that the 

di.hydrate failed to lose wat-er even after s-tanding 

six mo-nths ove.I" phosphorus pentoxide in .a v:a.e-utnn; 

also that the subs-t.anee failed to transmit water, as 

true hydr-ates. do . StPuc.turally the ".Ce00 group is 

satisfactor'Y, as the greater atomie diameter of the 

tellurium atom allows a coordination number of six. 

Sulfu:ric .and selenie acids do not form such 

extremely stable hydrates, nor would we expe.et them 

to do so in vi-ew of the smaller atomic diameter. 

A determination of the erystal structure 

of telluric acid should settle the question of the 

coordination number of tellurium in this compound. 

Kirkpatrick and Pauling, in 1926( 2 ), studied Laue and 

and rotation photographs of H6Teo6 in its cubie 



modification and found it to have a. unit eell 15.4BA. 

on an edge eontai ning 32 molecules. The s-pace group 

i 8 i i s oh, and f the tellur um atoms are- to be equivalent 

they are placed in special positions wi thout variable 

parameters:; the point group associated with each 

tellurium atom is then c31 or D3 , i.ndieating that 

symmetrical pl acing of six oxygen atoms is more 

likely than a Teo4 group. Thus in this incomplete 

analysis one is led to a coordination number- of six. 

The present work is an attempt to 

aseertain whether the Te-O6 octahedron e-x:tsts· in a 

salt of telluric acid, namely mercurie orthotellu:r-ate, 

Hg3Te00 • Here we might consider the salt to be one 

of H2Te04, with Hg() molecules arranged in some 

manner, and that the t~llurium atoms a.re tetrahedrally 

surrounded with oxygen, The resu lts of thi-s work seem 

to show that s uc.,h is not the case, and that the 

tellurium atoms here,. as in H0T:e06, have a e·oordination 

number of six. Again the ~onclusion is bas,ed on an 

incomplete structure determination. 

Preparation and Laue. Data 

The sub~tanee was prepared in the manner 

descr·ibe-d by Hutchins ( 3 ). Tellurie aeid is .first 

1nade by dissolving tellurium in ooneentr·ated nitric. 

acid, oxidizing the res ulting tellurium dioxide wi th 
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chr-omie acid, and sepa!b.ting out the tellurie a.eid 

by crysta l lization . Then to a solution of 

t ellurie ·acid a slight excess of concentrated 

mercuric nitrate is added. White Ilg'I'eo4 is the 

i mmediate precipitate; it tui-•ns yellow almost 

at once . In a few day.s a group of small amber 

crystais form. In the pre.sent case the crystals 

were small ,, w1 th only one or t wo as large as 0.,3 mm. 

in diameter . They had no well-f'o:r>med faces,. and 

were roughly spherical i n shape,, They ar-e eubie, 

according to Hutchins.. Their density is lli"'lknown; 

the amount obtained wa.,s too sma ll for mea ,s'l:l.rements 

to be made. Formation of the crystals is 1;-ather 

sen sitive to hydr-ogen ion concentration.; they will not 

form if the pH is less than the hi ghest that may be used 

to dissolve too mereurie nitrate .• 

Examin ation of the crys·tals u.nder a 

micros-cope proved it impossible to i:rnie-ntif'y or 

even loeate any faces;, so a. crystal which produced 

good Laue spot·s was photographed in varying positions, 

u s1.ng radiation from a. tungsten target with minimum 

wave length of 0 . 25A. , until a pattern cor1"esponding 

to that given by a beam perpendicular to the (11-0) 

f'aee of a cubic- crystal was o.bs.erved., This pattern 
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showed a plane 0£ symmetry,. but no two-fold axis, 

corresponding to the point group T11 • Rotation o.f the 

crystal through 35° 15• in a plane perpendicrnlar to the 

observed s-ymmetry plane produced the typical t1 .. 1gonally 

symme t ri.eal photograph of the cubie octahedral faee ..• 

No symmetry planes could be found .. Gnomonic 

pro·jeet±ons w-ere made o:f: f our Laue photog.!'.'apha: one 

in which the belam was nearly parallel to the t :r!gonal 

axis# a nd thtHile in which the beam made angles of 

3°, 5°~ and 7° with the axis~ respectively. Attempts 

to make osciliation or rotation photographs of this . 

crystal failed; later an excellent powder photograph 

was obtained, u.sing .fresh material . 

·The size of the u.n.i t cell was d e termined 

ft•om Laue data befor:e the powder photograph \Vas t~rken; 

this prol?lem proved to be both .interesting and profitable . 

In the fir st plaee ~ the la Pge number of' ohse·rved Laue 

s pots suggested a. large unit cell; ea.ch photograph 

cont.at ned appr,oximatel-y three hundred first ordElr spots. 

The value, of .a 0 was fix-ad roughly at 14.i by use of the 
0 

short wave length limit of 0.25A and the di sap1,earance 

of certain refle~tions as the crystal was rotated,. Then 

use was made of the know.n values of the K absorption 

edges of Ag and lfe-,. as these were the only abs.:orption 

edges involved in the experiment f'al ling 1,"Ji thin the 
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r-ange of' wave-lengths producing first 0-rde1~ spots in 
0 

the Lane photographs . Using a = 14A> forms were 
0 

found in the nearly s-:fmmetJ>icsl ph0to,gr1:p h r efleetlng 
o . (i), 

wave-length& of appx-,oximat-ely 0.,389.A and o.485.A; the 

K edge· of -rte and Ag re specti vel:y ~ and the intens.it4;es 

of the ~ots p-tiodu ce:d by various planes in these forms 

were e <l'i...1paroo-.- No ef:feet 01' the Te edge eould be 

found; in four' forms re.flee-ting nsar the. Ag edge 

cer tain spots v1ere :round to be more intense than 

other-a .of the flame f'oi-•m ref1e.cting nt s.lightly 

greater angles~ The summary in Tab1:e I gives the 

result s obtained.. The bes-t val 'l..te for •f.¼ ap.p;; a.rs to 
0 5 

be 13. 40.A , with a :probable e-rror of a bout Oc.03A• 

156 

165 

156 

&6l.' 

616 
16! 

6~1 

5°16 

TABLE I 

~13:$ 561 is weaker tb8n 

.-.14, l56 or SlS 

.140 
.• l:45 

.136 

-~145 . 

165 is much we.laker 
6'51,, and 515 onl y 
slightly weaker 

Gone,lusi on 

13.ia_·. __ -~ a.0 < 13.40 
than 

So!- prebably very 
nearly 13.40 

1~10-15, I' lO 5 ; . 20:4 Y 10 5 weaker than : 

10 5 I .,..lI.94 the other two. 

5 i 10 ~19.9 

2'73 .• 148 2'73 \i.reaker than the 

'732. .137 other t wo 

"327 .141 



The Laue photographs. al so made possible a 

def ·i. n i te choi-ee of space grou p . Absence o.r· f ipst 

or der reflections in \"lhich h + k + 1 is odd made it 

almost certafn that the structur·e is b.a.s·ed on a body 

eentered lattice. Space groups based on this lattice 

isomorph ou s with the point gro u ps T or Th are ir-3 , T5 , 

5 7 
Th, and Th• 

3 ~ The space group T is obtained by pas.l:i,!.ng 

all the tetrahedral symru-etry axes through the lattice 
H' 

points of a I le.ttiee; in the spaee group T5 only 
C 

one three-fold axis passes through the lattice points 

and the other axes are arranged in such a way th-at none 
5 7 3 

intersect ., Th and Th are derived from T and T5 

respeotively by the addition of a eenter of srymmetry 

at the lattice po1.nts . Of' these spaee groups the only 
7 

one ·with special criteria is Th; it require-s that 

reflections f Okl} be m1,ssing if l is od-d. . In the 

Laue photogri:p hs of Hg3Te06 no fi~st oder reflection,s 

were ob.served of the type- fOkl)., n,nd. t h ese were t he only 

st.riking absences aside from the absences due to lattice 

criteria.. The following table .·, lists planes ( Okl). which 

were in position to refleet and diid not re.fleet in an 

asymmetric photograph i n which the x--ra:y beam made an 
f) 

angle of? with the trigonal axis: 
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h k 1 

0..,U. 15 

o . '§' •. 13 

0 .13. 17 

o.5 . ~ 

095 

590 

Ff •. 11,. 0 

750 

9?0 

iT O 9 

sin Q-

. 195 

.,200 

.. 098 

. 120 

.. :t?O 

. 136 

.• 156 

.,315 

... 413 

.,458 

. 251 

.. 331 

.• -445 

•. 24'7 

. 531 

. 3-32 

It a.ppears. extJ?eroely probable, then , that the space 

• -~ 1 group :is Th,. If t h i s !s th.e ease,. the whole p,rob .em 

i s greatly s-implified, as we ccn then determine the 

number of molecules in the unit eell w~tho-ut lmow:lng 

the d ensity of the substanc:e.. As i t is i mpossible 

t o ,1ind less than eight equivalent points in the 

i 1 T
.,., 

un t .eel 0£ space group h.,.. we must conclude that the· 

number of mol ecules in the unit cell is a. multiple of 

e·ight .. La.tel? considerat i ons substantiate this choi.ee 

of spaee group . 



A reproduction of the powder photograph :Of 

mercuric tellurate is shown on the f ollowing page . 

It was made using Cu Kq radiation :filtered through 

nickel; the arunple ·vas ·cemented 1/ith collodion t ·o the 

outside of a fine tube of 1ow absorbing glass . The 

eamera radius is 5,.065 -em .• , as ealibrated from a 

s-odium chlor ide photog:l;'aph taken U."lder similar 

conditions:... Table II lists the ninety-three lines 

observed; they are a ll attributable t-o a body eentered 

cubic lattice,, and ,. moreover, the three lines ,vhose 
? 

e.bsenees are required b-y the space group Th are missing. 

The siz-e o.f the. unit cell was calculated,. us-ing lines 

reflected at lal'ge angle~ co;rrecting their posi t ion 

fer~ absorption in a manner recently out.lined by M.U.C0hen{4 l, 

which was .f·ound to be s:a.tisfactory.. The result of this 
0 

e a lculat1o,n gave a 0 = 13 ... 366A with a probable er•ror of' 

0 
O .. ,OlA., 

Determination of· Parameters 

It V1e now calculate the density of the erystal, 

using this value of a.0 , we f'ind it to be O.S705n, where 

n is the nu.mber of molecu les in the unit cell. :t:f 

n = 8, ~ = 4 .56; if n = 16,, ? = 9.lS .. We shall assume 



o er :Photograp 
of 

rcuric e1lur te 
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TABLE II. Powder Lines from Mercuric Tellurate •. 

·h2 . + k2 t- 1 2 
sin ;Q ., E.st.lnt. 2 

h + k2 + 12 sin ·9 Est.Int . 

14 e21'73 . 65 134 .,66?4 .50 
16 .2318 .• 28 136 . 6'725 .20 
18 .2466 1.5 138 -,6'?25 . 35 
20 . 2597 l .. 8 142 . 6866 .14 
22 . 2718 • 1e 144 .. 6913 . .12 
24 . 2837 1.,3 146 .. 69,02. . 09 
30 .31"/0 .• ,35 150 "?• ·o·-·5:5· ..• ·- . .,20 ·•· ••• .• 
34 .33'73 :e,36' 152 .11102 .2s 
38 .3565 .41 154 . ·7150 . .13 
40 .3660 • .35 158 ;.'7241 .16 
42 .3'749 .,20 lM ~7373 ,.42 
46 .,3,920 1~s· 166 .'741'7. .34 
48 .. 4002 .oa -168 •. '7462 .30 
50 , •. 4082 :.s2 1"70 :e"lol(f · .08 
.54 .. 4245 .,62 1'?4 _..75-9.2; .. 18 
56 .4322 ... 36 176 ~,'7642 . 12 
62 .. 45.51 1 .. 2. 182 .:t7$8 .25 
64 .461~' . 15 184 . "7814 . 10 
66. •. 4El92 ii:48 186 • •. ¥'7,854 .5 68 .47-el .,,44 192 ,. '7i '72 .• 05 
?O ,:4.&31 .~35 198 •. 80~9 •. 18 
'72 • .l!.SS , , '.·>;24 . 200 ilt·8;t'43 · .30 -ii . 

74 • 4960 :.i~8 .206 ... 8259' . 28 ·,. "!8 +'5898 ,. .4:Q 210 ~.·s.~3'7 •. 0'1 _,: so .,5].58 .60 212 .,8384 •. 25 .··a2 .5220 _,,. : .¼~ 214 ,. $41:24 ol8 
86 .,5;_t51 ' 

)" ,.,:>t:5 216 .,8460 .;12 
88 ~5413, . ,,18 222 ... 8'S'74: ,.0.8 d. 90 •. 64173 .,1$ 226 ,.,8$57. .oa d 94 -.559-5 (9,3:8 230 .811~8 .35 tl6 .5653 ,.,.38 232 -.8'763 .,1 
98 .,5?,1.2 .28 234 • . 8805 . 25 100 .5·77~ .. 03 238 .. SS'74 :.22 102 ,.,5826 ~19 

24:6 .• 9027 .18 104 . 5885 ~46 248 . 9062 . 15 106 . ,593? , -";29 
250 .9096 .12 110 .6050 ... so 
254 .,91172 ,.28 112: • ·6l12 , .,f . 
258 . 9245 •. 20 114 . 6152 . .. 14 260 • t283 . 45 . 116 ,.6210 . 24 262 .. ~31'7 •. 25 11.8 .• 6263 ,.,42 
264 ,.,934? .4 120 ... 6313 •. 05 
266 .9384 . 1 122 . 6363 ~25 270 .. 9455 .25 126 . 64'7'1 ,. 30 
2"72 . 9489 .42 
278 .,9591 . 23 
280 .,9623 •. 18 
282 .9662 . 13 
286 .• 9726 .38 
288 . 9760 .5 



that 9.13 is the eol:irect density,, as it i-s by far t he 

more reasonable value.- This, then:i, requi r e-'B t hat 48 

Hg8. 16 Te, and 96 0 atoma be plae.ed in the unit cell . 

The tellurium a toms must be placed 0n the thr'ee f old. 

axes ., so that their posi t:i.ons are t hose desi.gnate-d b y 

the gt1oup 16e belo,1 and r equire the specificatio.n ef 

one par araeter , or they are . plae.e-d on the fixed centers' 
(5} 

of symmetry ( 8.1 and Se) • 

(8e}.: 

,, 
--~· - ,,.,.. • · 1 1 ~ , J. ·~ ·u.,•u , u; u,u,u+1z; u+2 , u,.u; u,.u.+2 ,.u; 

i 1 1 · l 1 - - l 1 i 1 . - . l U+e ,,u-i-g",.,,u+2 ; tH 2 j m ... u.,u ; u,,11+13"~u 1t ~ -u,,.u.ut-·2 ; 
- ~ 

½""uc,,f •u,.½~u; ½-u,;u+½;,.u; u,,½-u-,u+½; u+½,u,½ .... 1h 

000; ~
1 .. 

21?. , ~
1. , o.½¼1 . ...,a :, 

:u.1 •. OQ½; '*· 1 ;- • 1-00. la::J2" . , 

It is unli.kely that the m"'7rcury at.oms also lie on the 

trigonal axes, hence th~y must occur :i.n t he general 

position xyz and the 4'7 positions deri'1ed. from it by 

symmetry.. Stmila-r l y we place the oxygen a toms in 

general positions re,quiring six parameters., thus 

t he p;robl.em becomes one of a.valuating ten variable· 

paramater.s to spe.eify the strueture . Stra ight farward 

evaluation of t en param~i:l:h~rs is an almost endless task, 
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so it be:comes necessary to 10:ok into the- problem 

:trom another and some\~hat mor·e f'ruitful angle., 

If t he par·ameter des,cribing the positions 

of the tellurium atoms i .s 1/8, then the atoms are at 

maximum distances from ea.ch other a long the -cell 

diagonals., This. maximum distance is- 5.,'7'9Jt.,. whieh 

approache$. zero as u is made to appre-atth O or ¼•. 'fhe 

distance between -Te a toms in different dia.gona.ls with 

u =- l/8 is 4.'72i., which iner-eases somewhat as u is 

changed ., a,r}px>oa ch!ng 6.-ssi as u approache s. O or ?,t. If 

u :ts great-er than. ¼ the same configuration o.f Te atoms 

ig repeated~ Thus we see that u is not gre-atly 

dif'fere·nt f'rom 1/8; if t he o·xygen atoms av..r-rcund 'l'e 

i n -r.iny e(1)nfiguration u must be c lose to 1/8,, or the 

atoms must occupy positions (Si ) and ~el"' If we as.sume 

that u = 1/8 and ca l cul ate the e ontrihution o:t r.re to the 

st:r•uctur·e fa.etor>s for a few low ord.e.r t er>ms, 1;ve obtain 

the followi ng ~es:ul ts: 
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L 2 -rr i{hx + ky + lzl 
J:. e 
4 

T& .atoms 
hkl 

1/8 81,8e u -
002 0 0 

112 -2 0 

022 0 4 

222 0 0 

123 2 0 

114 0 Q, 

024 0 0 

134 0 0 

23.3 2 0 

224 0 4 

125 2 0 

044 4 4. 

334 0 0 

224 0 4 

It is observed that in a large number of cases Te does 

not contribute to the s,eattering if u -= 1/B, and it is to 

be expected that in these cases, - if the indices are low., 

tellurium atoms are in general not contributing greatly 

to the scattering. Thus an approximate evaluation of 

the parameters describing the positions of the h e_avy 

mercury a.to.ms can be made if we calculate for all 

values of the para.meters the contribution of Hg to such 
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lines as 002, 022, 2 22, 114_,- 024, and 134. The limits 

\Vhieh x, y; and z take before t h e structure factor 

is repeated are: 

o < x < ½ 

O < y < ¼ 

0 < z < ¼-

It is unlikely t hat x < .1. as 4,, 

mercury atoms too near to the 

calcu lations were made in the 

this would erowd the 

tellurium atoms . Sueh 

region .1. x < 1=. for 4 < 2, 

the lines mentioned above, with the exception of' 222 . 

Two ... dimensional contour diagrams were prepared for 

various values of z, sufficiently accurate to enable one to 

follow the course o·f the va. lues of the structure factors 

throughout the cube treated ... All positions of the 

mereury a.toms in this cube were eliminated definitely 

except for a small region near the eenter. 

Attention should be drawn at this point 

to the large number of absences among the lines of low 

order. Table II lists no l .ines with q2 
< 14·; neither 

does it list the line w1.th c:i2 = 2:6 (134). Lines 002 

and 006 are m.issing or very weak1 while 004 and 008 are 

quite strong,. Thus in the above t hree dimens.ional 

diagrams we would expect the mercury atoms to lie near 

t he points of intersection of the nodal surfaces of the 
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f unctions cor·res·ponding to the missing lines {002., 

022 ., and 134). Actually the nodal surfaces o.f 002 and 

022 do not intersect in the region studied; their 

distance of closest approach., however.,. is not large. 

Careful e xamination of the photograph revealed an 

extremely weak 002 reflection; mor~over., the oxygen 

and tellurium atoms may influence these intensities to 

the extent we ar·e concerned with here.. In view of 

t hese considerati.ons., the f'inal values de•eid:ed upon 

for the mercury parameters are: 

X = 0 . 3175 

y = 0 . 138 

z = 0.145 

with probable errors· amounting to about 0 . 005. Al.l other 

regions we.re- definitely eliminated-. The statement seems 

reasonabl$ that still f'Urther confidence ·can be placed 

in the determination of the space group since satisfactory 

values eould be fo und for these parameter·s~ 

We ~ee., then, that if the above a...11.alysis 

is eor-re-et, the values o:t the parameters· are roughly 

y = z -== 1/s, x = S/ 8, if u: = 1/s. If we d:tsr·e,gard the 

oxygen atoms· we see that each tellurium atom is-

surrounded by six mereury atoms in a slightly distorted 

regul-ar o,cta.hedron,. with a Te-- Hg distanc-e of ¾a0 = 3 . 34.R, 

approximately. Eaeh mereury atom., on the other hand., has 

4L 



only t wo nearest Te neighbors:,. Th is sugge st-s 

i mmediatel y an oetahedra.l TeO0 gr oup, each oxygen 
. . 

a t om being bonded to t ellurium and mercury . 
I 

We can 

calculate t he oxygen bond angle with the help of the 

atomie radii of Pauling and Huggins ( 6 ) . Th e ff·e-0 
0 0 

distance sho1lld be 1 . 98.A , and t he Hg-0 distance 2 .• 14A. 

0 These give a bond angle of 102. , quite a reasonable 

value . -

The exact shape of the TeO octahedron is 6 

not known and eannot be fo und from the calculations made 

thus far. The line Te-Hg- Te is not straight; indeed 

t he angle· at Hg approxi mate·s a ri ght angle.. It is 

di:fficult to decide .from these results whether the 

eo·ordination number of mer cury is two ,or four; if it is 

four the Rg04 t e trahedra must share its edges wi th TeO6 

octahedre.. This seems more likely i n view of . the fact 

that otherwise mercury atoms are adjacent to one 

another without oxygen atoms to f'ill intervening ·spaces .. 

·rn_ t ll_a event t hat t he tellur ium a: t oms 
( 

occupy positions 8e and 81 the above determination of 

the mercury paramet ers does not hold . This 1s due to 

t h e fact that the nodal surfac-e of the strueture 

.factor for 022 figured largely in determi ning the 

parameters , and if the tellurium atoms occupy these 

positions they contribute greatly to this line . 

Howver , positions 81 and 8e are located at the centers 

of symmetry of the cryat·s.l , and the point group at t hese 

positions is c31 • Hence the argµment used by Kirkpatrick 

and Pauling to establish TeO6 applies here with equal 

cer t ainty. 
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