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THE structures of some of the selenium compounds obtained by the use of
the Langevin equation and Slater’s and Angus’s methods for the calculation
of 2'r* are given in the previous paper.! In this investigation an attempt
has been made to discuss the constitution of some tellurium compounds,
Tellurium belongs to the same group of elements as S and Se and the consti-
tution of their compounds may throw light on the constitution of the
compounds of tellurium. The Guoy balance and the method of working
described in the previous paper were used in this investigation. The magnetic
susceptibilities of the compounds investigated are given in Table 1.

TABLE 1
Molecular ) .
Substarce formula g w108 | X, % 10
Tellurious acid - .. .. . .| HyTeO, —0-1955 — 34-89
Tellurium dichloride . .. | Tell, —0-4763 - 9445
Tellurium dibromide . . ..| Te Br, —0-3731 —106-20
Telluric acid .. . .. .| HyTeOy, 2 HaO —0-2508 — 57-33
Dimethyl tellurium diiodide .. ..| (CHy), Tel, —0-3535 —145-40
[>imethvl tellurium dichloride .. . -] (CHy), TeCl, ~—0-4047 — 92.43

All substances except dimethyl tellurium diiodide and dimethyl tellurium
dichloride were obtained either from Kahlbaum or from Theoder Schucherdt
and were of extra pure quality. The author is thankful to Miss K. D.
Gavankar, Mm.sc., Analyst, Royal Institute of Science, for preparing the two
substances in this laboratory. |

Dimethyl tellurium diiodide (CH,),Tel,,—Amorphous tellurium (25 g.)
and methyl iodide (55 g.) were kept in a hard glass bulb on a water-bath

Y Proc. Ind. Acad. Sci., (A), 1940, 12, 185,
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at §0° for about 48 hours. It was then cooled and the substance was ex-
tracted with chloroform from which it was obtained as red crystals,® m.p.=
125°-26°; standard value 127°. The density of the crystals was found to
be 2-651. gm./c.c.

Dimethyl tellurivrn dichloride (CHj)yTeCly,—To dimethyl tellurium di-
iodide (about 5 g.) concentrated aqueous ammonia was added drop by drop
till the red salt was transformed entirely into a pasty greyish white mass.
The precipitate was dissolved in water with one or two drops of ammonia
and an aqueous solution [50 c.c. of the solution containing 12-14 g. of
AgNO; and just sufficient quantity of NH,OH to redissolve the precipitate
of Ag(OH)] was added to it. The mixture was boiled and filtered and the
filtrate was evaporated till no smell of ammonia was detected. Then it was
diluted and any silver iodide present was removed. The excess of silver
nitrate was removed by the repeated addition of HBr. The remaining solu-
tion was evaporated to about 100 c.c. and was treated with HCl until no
further precipitation took place. The dichloride thus obtained was purified
by crystallisation from alcohol (m.p.= 93°-94°; literature = 92°).

Discussion of Results

The values of 2 r2 and the ionic susceptibilities for Te in various valency
states, calculated according to Slater’s and Angus’s methods as well as with
the slight changes mentioned in the previous paper, are given in Table II.

TaBLE 11

Diamagnetic susceptibilities of Te in various valency states calculated from
various methods
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Tedivalent ..} 66:19| —53-43| 45-66 | —36-08| 66-36 | —53-20| 56-08 | —44-30
Te tetravalent | 39-0t | —31-49| 30-28, -—-23.92 38.85{ —31-35| 30-i0| —23-78
Te hexavalent | 22-08| —17-81| 19-71 | —15-57}{ 21921 —17-69 | 19-53 | —15.43

These values were employed to calculate the magnetic susceptibilities and have been designated
with the same symbols as given 'in the previous paper (loc. cit.).

2 Jour. Chem. Soc., 1920, 86, 117.
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Tellurious Acid (H,TeO5).—Like sulphurous and selenious acids there are

OH O OH
two possibilities for its constitution: O = Te/ o (1) and O>TC<H

(I). The experimental and calculated values for tellurious acid, on the
basis of Pascal’s value for O (— 336 x 10-6), are given under A of the
Table IIIL

TaBLE III
A B
Lo Symmetrical Unsymmetrical Symmetrical ' Unsymmetrical
Constitutions OH O. OH OH O OH
0=Te S1ed O= Te( }Tcx’.,n
\OH o H “OH o7 4
—Xx X 108 —x X 109 — X % 108 —x % 108
(D (I . D (n
(X 0-2813 0-1978 03364 03089
Xmh 49-93 3512 59.72 54-70
(Xa)s 0-2386 01852 0:2938 0-2955
Xm): 4236 32-88 . 52-15 5246
AN 02805 01972 0-3357 0-3075
(X3 49.79 3500 5958 54-58
(X3)y 0-2373 0-1844 0-2930 0-2947
Km)s 4212 32.74 52-01 52.32
XE .. 0-1966
(Xm)E .. 34-89
(Xa) 04 .. 0-1900
(Xm) oy . 33-72
Xy o, .. 0-2027
Xm) 0> .. 35.97
(X o3 .. 0-1897
Xm) o, .. 3368

O, Refers to the values obtained by S. Meyer (Mellor’s Inorganic Chemistry, 11, 73).

O, Refers to the values calculated from Bragg’s data by Bhatnagar and Luther (J. Ind. Chen.
Soc., 1929, 3, 30).

O; Refers to values calculated as an electronic isomer by Bhatnagar and Dhawan, also by
Bhatnagar and Mathur (Phil. Mag., 1928, 5, 536 ; 1928, 6, 217).

The calculated values for the constitution IT agree well with the experi-

O OH
mental values thus confirming that the constitution \Te/ for the
| - o/ \H
tellurious acid is similar to that of the selenious acid. This is to be expected
from the similarity in the behaviour of selenium and tellurium and their
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compounds. It should, however, be noted that in the calculation of the
molecular susceptibilities of selenious acid Slater’s value for O (— 1315 x1079)
was used. Calculations made with this value in the case of tellurious acid
are shown under B of the above table. No value thus calculated agrees with
the experimental value showing thereby that Pascal’s value alone can be
employed in this case. The reason for this peculiarity may be found in
the fact that the binding between oxygen and tellurium may be stronger than
that between oxygen and selenium, for, lower diamagnetic value of oxygen
is admissible in the calculation of the susceptibility of tellurious acid.

International Critical Tables give for tellurious acid X, = — 0-24 x 10-%or
X,= —42-60x 108 These values agree neither with the calculated ones

nor with those experimentally found by the author and other workers and
need correction.

Tellurium dichloride (TeCl,).—Tellurium does not form monochloride
of the type Te,Cl,. This behaviour is unlike selenium and sulphur which
yield compounds of the type Se,Cl, and S,Cl,. Therefore dichloride was
chosen for investigation. This compound is very unstable and the de-
composition begins even when the tube is being filled up. Hence great
precautions were taken to fill the tube and the observations were taken as
quickly as possible. The results obtained experimentally and those calculated

/Cl
for the constitution Te are given below:

\cl

TABLE IV
Cl
Constitution Te
“Cl
— X X 108

Kah 0-4928
Ol 97-83
X 0-4057
Koz 80-48
(Xo)s 04925
K)s 97-70
(X5), 0-447}
X4 88-70
X E Q-4760
K E 94-45
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The calculated values are slightly different from the experimental one
but in view of the experimental difficulties mentioned above, the results o
tained may be taken to be in good agreement with the theory.

Tellurium dibromide (TeBr,).—This compound also, like TeCl,, is :
unstable one. With all the necessary care taken in the measurement it ca
not be said that the experimental value is the susceptibility of the pu
compound.

TABLE V

Br

Constitution Te<B1'
—x % 106
o, 0-4121

(X 11843
(Xo)e 03515

(X 101-08
(Xa)g 0-4117

(Xm)s 118-30
(X, 0-3304

(Xndy | 10930
XD E 0-3701

X E 106-20

The observed discrepalléy between the calculated and the experimen
values may be due to the unstable nature of the compound. In both t
dichlorides and dibromides, the divalent tellurium tends to undergo s¢
-oxidation and reduction, forming a solid solution of the element in the tet:
chloride and tetrabromide.®> Further both of them are hygroscopic and t
water absorbed by them from the atmosphere, causes decomposition ir
the tetrahalide and free tellurium.*

Telluric acid (H,TeO,, 2 H,0).—There is no possibility of any ott
constitution for this acid (with molecules of water distinct from the anhydro
acid) except the graphic formula,

0 OH
Nror”
5 /Te\OH, 2H,0

3 Damiens, Ann. Chim., 1923, 19, 44.
4 Brauner, Monatsh, 1889, 10, 411,
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Since it is a hydrated salt, it will be interesting to see how far the law of
additivity applies to this case. The calculated and observed values are
given under A of Table VL.

TaBLE VI
A B
@ I
Constitution O\ ,OH OH
TeC OH, | ,OH
o/ “H Ve
2H,0 OH” | \OH
— X x 108 OH
—x X 108
X 02855 0-2747
K 6553 63-05
Xa)s 0-2757 0-2650
X)s 63-29 60-81
X,)s 0-2850 0-2743
Kmda 65-41 62-93
Xa), 0-2751 0-2643
Ky 63-15 6067
XD e 0-2508 0+2508
) e 57-55 57-55

It is seen from the above that the calculated values are higher than the
experimental ones. Gutbier® considers that both molecules of water in the
hydrate H,TeO,, 2 H,O are constitutional so that the formula for telluric acid
would be H;TeO; or Te (OH); and the constitutional formula can be written as

OH o
OH\ ’Ile Y H

o’ | \oH 0
OH

&

The magnetic susceptibilities of telluric acid for the above constitution were
calculated and are given under B of the above table.

Even with the molecular constitution (II), the calculated values are
higher than the observed ones, although they are a little lower than those

5 Mellor’s Inorganic Chemistry, 11, 85.
Aba F
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calculated for (I). The experimentally determined value appears to be i
line with the view of Ray Choudhary® who determined the magnetic suscept.
ibility of a number of salts in the hydrated and anhydrous state and foung
that for a large number of substances investigated, the observed value for
the hydrate is less than the calculated value. He also showed that the
deviation from the additivity law is more prominent in cases where the heat
of hydration is large. As a quantitative estimation he found that in the
case of salts whose heats of hydration lie in the vicinity of 20 calories, the
observed values of magnetic susceptibility are about 20 per cent. lower thap
the values calculated from the anhydrous salts. Though much importance
cannot be attached to the quantitative nature of the change, the results on
telluric acid support Ray Choudhary’s general conclusions.

Varadachari’” measured the diamagnetic susceptibilities of a number of
crystalline inorganic salts. In the case of sodium sulphate® he found that
the magnetic susceptibility of the hydrated salt undergoes no change when
the salt is rendered anhydrous and he, therefore, suggested that the binding of
the water molecules with the sulphate is very loose. It appears probable
that the lowering in the observed value of telluric acid is due to the strong
binding of the water molecules with oxygen ions. This conclusion is in
agreement with the representation of the molecular constitution of the acid
as Te (OH),.

International- Critical Tables give the diamagnetic susceptibility X, for
anhydrous telluric acid as — 0-43 x 10-% and X,,= — 98-69 x 10-5. These

values are very different from the calculated and the experimental ones and
need correction.- :

Dimethyl tellurium diiodide (CHy),Tel,—Pascal’s additivity law is based
mostly on his extensive results obtained from organic compounds, which have
covalent bindings and as such his susceptibility constants fit in well in
inorganic compounds involving covalent linkages, though complete agreement
is not found as can be seen from the foregoing discussions. The study of
some organo-inorganic compounds of tellurium was, therefore, undertaken.
(CHg),Tel, was selected because the nature of its covalency has been dis-

_ CHn_
cussed at length by Lowry® and its graphic formula is fixed as Te/ -
cHy NI

& Zeir. Phys., 1932, 77, 271.

7 Annamalai University Journal, 1935, 4, 73.
8 Proc. Ind. Acad. Sci., 1935, 2, 161.

8 Soc. Chim. Belg., 1931, 91.
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For the calculation of its susceptibility the value for iodine is taken as
—45.6% 10 9.1 The values for CHy caleulated from diflerent compounds
are different, as shown below :

Value for CH, from  CH,CI D86 108
) e m CH,Br 1278 10 ¢
. CHL [1.58 106
o CHLOH 1614 - 10 8,

Consequently all the values for CHy were used, together with different
values for tetravalent tellurium, to caleulate the susceptibility of (CHy),Tel,.

Tare VI

y caleulated using | v cafeulated uniny |y eadealated using |y calenlated using
“CHy values from CHy vadues from | CHYG values from CH values from
“CHL,0H CH,Br CHCl CH,I
X e X oo N 108 X w108

(X 03768 IRRTIIY TRENT 03547
Xk 15497 14829 14240 145.85
(X ) 03581 04420 03277 03362
X 14740 14068 L3481 13828
(Xg)y 0-3762 03600 {3450 0-3542
Xon)s 15483 14411 14227 14571
(X,,),, ()« 38580 [IERAN (0-3278 ()< 3358
(Xm); 14726 140« 54 13470 IREE 14
(X E . . - 03535
X g » . 14540
(X(,)x:;l .. . . 03600
X By .. . . 48+ 10
(Xa) 0y 03700
(Xm) 04 [52-20

O, Refers to vatues caleulated by Bluinagar and Lalie (¢ wee, Sei., 193201, 380).
Fy Refers to the experimental values of Bhatnaear and Lahiri (Joe, eit)).

The above table clearly shows that the susceptibilitics calculated by
taking the value for CH, from CHyl and the values of tetravalent tellurium
according to Angus and Slater, are in very pood agreement with the experi-
mental values. The experimental value obtained by Bhatnagar and Lahiri*!
agrees very closely with that of the author. But their caleulated value is rather
high and may be due to the choice of the value of CH, which is large if

10 Stoner, Magnetism and Matter, p. 408,
1 rhid.

AG "
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calculated from CH;OH. The author’s calculated values in column 1 of g
table is very nearly the same as that calculated by Bhatnagar and Lahir

Dimetiyl tellurium dichloride (CHy)TeCl,—This is the second orgapg.
inorganic compound of tellurium selected for investigation. The following
table gives the various values of the susceptibilities calculated in the sape
manner as in the case of (CHj)yTeCl,.

TasLe VIII
y calculated using | ¥ calculated using | x calculated using | y calculated using
CH, values from | CH, values from | CH; values from | " CH, values from
CH,0H CH,Br CH,I CH,Cl
— X x 10¢ —X x 10 — X x 108 — X x 108
X, 0-4737 04443 0-4336 0-4186
X 108-17 10145 99.95 95.6]
X 0-4403 0-4111 04005 0-3855
K)o 10060 93.93 91-48 38-04
Xos 04729 0-4434 0-4330 0-4179
Xm)s 10803 101-32 9891 9547
(X2 0-4403 04104 0-3999 0-3849
Ky 100-46 93.74 91-34 87-90
XD E .. .. . 0.4047
o) & 3 . N 9243
X)E .. .. .. 0-42
)z, 3 3 N 9592
(Xa)ol 0-47
(Xm) 0, 10740

O, Refers to the values calculated by Bhatnagar and Lahiri (foc. ¢it.).

E; Refers to their experimental values.

It is seen here also that if Slater’s and Angus’s values for TetH are
employed, the only calculated values which approach the experimental ones
are those in which the value for CH; obtained from CH,CI is used. The
calculated value is widely different if the value for CH, obtained from CHyl
is employed. The experimental value of Bhatnagar and Lahiri is almost
the same as that obtained by the author and their calculated value agress
with that given in column ! of the above table. This is higher than
the experimental value. This shows that for good agreement between
the calculated and observed values the choice of the other radicals must be
made from substances of similar nature.

Conclusion

All the results for the correct constitution have been summarised in
Table IX.




221

Moleculay Structure of Some Telluvium Compounds

058 () | 1ps (@
HOE- s6 ("x) .
6860 % | eLlbo () el 88 “x) | 19-56 (") :
Cx) | ogiy0 (°X) £ 26 (“X) Nal, 2 .
y1-8E1 () wono G0 | o ey | P
43 X 1L-SP1 (") . b
8s£-0  (*¥) | zvee- X 8C-8Ef (My ) ;
X | aseo Cx | ooeeo QWW Smm.wi m.”xw ot (0 | Sard HO L
X cece0 ¢! 17 p/n:u PRIHHD)
L9:69 (“x) €6 T w .
z. 9 ("v) . w HO
€492 0 AQXV hit c uw 18-:09 ( /\v S0: tw
¢o . : 0-€9 (%) HO- .
0| oseo 0| o ) go-Ls CX) /o_?\ Ho
0s2-0 0 | Ho” | “HO
HO
Si-€9 Az.Xv ¥ w . .s,.O
IsLz 0 (y 1759 ("X) | 6c-€9 (MY (BL WD WD ... O°HT
14 ™Y | ossz:0 X)) | Lsic0 Mu\%w £5+$9 A.”Xv 6986 ("X) . w HOw 40| o
X ¢S8T:0 AXV €70 By) ¢ Ls ( Xv o'ﬁ\\ ¥ @N
0E- 601 (W €| ssz0 (0| o' Yo O°LH
60 ) | opann () | s
$08E 4 1 (“x) 80" w :
©0 (% | tivo . @] sieeo Aq.xw _ep-811 (“X) e (w N
X 110 () 2-901 (“X) Nap | c
0L-88 (") \ g0 1) 1g”7 1aaL
. X oL L6 () )
1L¥y- 0 Ach e ax 8y-08 (*Y) . w
60 ) X, £8-L6 (“x) .
Ux) | Ls0p:0  C) 1 8Ter o Qwv spve (UX) 1 Noy |t .
. 09L40  (°X) N 1021,
ue 1es .Cﬂawr—m ww. M - n_: _
pu Jeseujeyg £q pejendre) ~3w~.ow QWW
(S . ..uwr—.-:.— .o |
pue Jedeujeqq £q payejnaje)y * \.mmm.@m m.”wm%
(F0koN °S) [ ziee (%)
ez {610 (X
Lt L X 00 S 1Y anT 1
eI (v ¢ (Y 88.7E (% . o+ | CARL D up)
e | wetro X)) | s8I0 memw oroh o mvx.w 09:2p (%) | 68bE (“X) B A2
5o X $T-0 % 99610 ) IO\\ F/O £091%H
1w
s snduy Jo o poylew
uonuoy poyjow s snduy s, 19)8
yipow 3y | £q perenofes :oucucﬁ_%omwoﬁ mommoﬂmum..mwmﬂm mmoﬁnw 1yio soyine o
, Q PoAIOS
P qo £q paAIdsqo uonNINSUo)) punodwoy)

Aq pajepnouo
001 X X —

001 X X —

Aq parenores
001 X X —

o0 X A —

00l X X —

o0 X X —

X g1avL,




222 S. S. Dharmatti

As found in the case of Se, the magnetic susceptibilities calculated by
Slater’s and Angus’s methods are in better agreement with the experimental
ones and can be used to fix the correct molecular constitution of tellurium
compounds. It may be remarked here that in the case of organometallic
compounds there is a better agreement between the calculated and experi-
mental values than in the case of inorganic compounds. This finding is in
agreement with the view put forward by Pascal and other workers.

The author takes this opportunity of thanking Dr. Mata Parasad, p.sc.,
F.I.C., for his suggestion of the work and guidance throughout. He is thankful
also to Professor S. S. Bhatnagar, 0.B.E., D.sc., for helpful criticisms.




