Dec. 20, 1958

SYNTHESIS AND PROPERTIES OF ZIRCONIUM DISULFIDE

6511

TaBLE 11

TRANSFERENCE NUMBERS

Expt. Mole

no.% ratio (Na-+) pH NNa+
4 1:2 1.0 12,12 0.42
3 1:2 0.5 11.96 .34
6 1:2 0.1 11.46 .45
7 1:3 1.0 11.29 .40
8 1:3 0.5 11,27 .45
9 1:4 1.0 10.86 .53
10 1:4 0.1 10.75 .44

that in the dilute solutions of sodium silicate used
in light-scattering measurements, it is probable that
all the silicate species are in solution as monomeric
silicic acid.?*%

The silica in solutions appears to be colloidal
under two conditions. In alkaline solutions above
$#H 10.6 low molecular weight silicate species are
brought into solution by peptization.’! Alsoincon-
centrated solutions of silicic acid the monosilicic acid
behaves as if it were aggregated into [Si(OH):la
particles where # is probably a small number.%

(31) G.B. Alexander, W. H, Heston and R. K. Iler, J. Phys. Chem.,
58, 453 (1954).

N

Hydrolysis,? (no. of
1 — nxas 78102 HOH= % Si0z/ion)

0.58 0.45 0.13 1.38 1

.66 .33 .33 1.88 1

.55 .47 .08 2.85 1

.60 .68 0.192 1.1

.55 .78 .36 1.4

.47 1.17 .071 2.2

.56 1.23 .57 2.2
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The Synthesis and Properties of Zirconium Disulfide!

By ABraHAM CLEARFIELD
RECEIVED MAvY 7, 1958

Historic methods for preparing zirconium disulfide were re.examined and new and refined methods for obtaining a pure
product have been developed. The reaction of carbon disulfide with zirconia yields a mixture of zirconium disulfide and

zirconium sulfoxide, ZrOS, in the temperature range 850-1200°.
has been correlated with the presence of different forms of zirconia in the two temperature ranges.

Above 1200° only zirconium disulfide is obtained. This
The air oxidation of the

disulfide was examined by means of differential thermograms and high temperature X-ray diffraction patterns.

Published information on the sulfides of zirco-
nium is meager and much of what is reported is
conflicting. Therefore, a study of the zirconium-
sulfur system was undertaken. The present paper
describes the synthesis and some properties of zirco-
nium disulfide.

Zirconium disulfide has been synthesized by a
variety of methods. Frémy? claimed to have pre-
pared it by the action of carbon disulfide on zir-
conia at red heat. No analysis was given and it is
questionable that his product was oxygen-free. A
number of workers obtained zirconium disulfide by
combination of the elements.®=% Of these only
Biltz® used reasonably pure metal. Biltz and his
co-workers also treated zirconium tetrachloride with
hydrogen sulfide in a heated tube. They derived a
pure product only after reheating the initially ob-
tained material in a hydrogen sulfide atmosphere.
Paykull® had been unsuccessful with this reaction

(1) Portions of this paper have been presented at the 131st National
Meeting of the American Chemical Society, Miami, Florida, April 9,
1957.

(2) E. Frémy, Ann. chim. phys., {3] 38, 326 (1832).

(3) W. Biltz, E. F. Strotzer and K. Meisel, Z. anorg. allgem. Chem.,
242, 249 (1939).

(4) J. J. Berzelius, Ann. Phys., 4, 125 (1823).

(5) O. Hauser, Z. anorg. chem., 83, 74 (1907).

() S. R. Paykull, Bull. soc. chim., {2) 20, 65 (1873).

because he did not rigidly exclude oxygen. Van-
Arkel and DeBoer” passed zirconium tetrachloride
and sulfur vapors over a hot wire and obtained pure
zirconium disulfide but in poor yield. Finally, Higg
and Schénberg® reported its preparation by the ac-
tion of hydrogen sulfide on zirconium metal in the
temperature range 530-900°.

Experimental

Materials.—Pure zirconium dioxide was prepared by
addition of glycolic acid (3 moles) to a solution of zirconyl
chloride (1 mole) and calcining the precipitated triglyco-
latozirconic acid at 900-1000°. A typical sample con-
tained 0.001% Al, 0.0029% Ba, 0.029% Ca, 0.002% Cu,
0.0019% Fe, 2% Hf, 0.019% Mg, 0.0029% Na, 0.01% Si,
0.002% Ti. Zirconium tetrachloride was resublimed from
a fused salt (KC1-ZrCly) melt as described by Horrigan.?
The zirconium metal powder was Titanium Alloy P grade
(—200 mesh) and contained 1-29, oxygen. Zirconium
Hydride was obtained from Metal Hydrides, Inc. Traces
of oxygen were removed from argon (originally 99.99, pure)
by bubbling it through alkaline pyrogallol and drying by
passage through tubes containing P,O;. Gaseous impurities
in tank hydrogen sulfide (99.8%, pure) were minimized by
inverting tlie tank and drawing off liquid H,S. Reagent
grade carbon disulfide was used without furtlier purification.

(7) A. E. VanArkel and J. H. DeBoer, Z. anorg. Chem., 148, 343
(1925).

(8) G. Higg and N. Schénberg, Arkiy, Kems., 26, 371 (1954).

(9) R. V. Horrigan, J. Metals, T, AIME Trans., 203, 1118 (1955).
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Fig. 1.—Differential thermograms in air of zirconium

disulfide: top, heating rate 12.5°/min.; bottom, 7°/min.

Apparatus and Procedure.—The vessel for the reaction
between ZrCly and HsS consisted of a Vycor tube 10’/ long
and 1.5'' in diameter composed of two sections connected
by a 45/50 ground glass joint. Two inlet tubes were ring
sealed into the male portion of tlie reaction vessel and ran
parallel to and almost the entire length of the inside of the
reaction vessel. One of the inlet tubes was connected
through a T to tanks of argon and hydrogen sulfide. The
other was connected to a 250-ml. round-bottom flask by
means of a 24/40 ground glass joint. Zirconium tetra-
chloride was placed in the flask and slowly sublimed into the
reaction chamber while a steady flow of hydrogen sulfide
was maintained. The reaction vessel was kept at 600-650°
by means of a split ring resistance wire furnace. An
exit tube was provided to carry off the excess gases. Zir-
conium disulfide deposited on the walls of the reaction
vessel as brighit violet crystals. Yields were never better
than 609, based on the quantity of zirconium tetrachloride
used. The principal difficulty lay in controlling the rate of
flow of tetrachloride vapor. If tlie rate of flow was too
rapid, some tetrachloride was expelled before reaction
occurred. If the flow rate was too slow, the hydrogen
sulfide worked its way back into the bulb (A) and formed a
sulfide coating on the lumps of zircomium tetrachloride.
This retarded the further sublimation of tlie tetracliloride.
A small amount of an orange-red substance always formed
in the cooler portions of the reaction tube. It could not be
identified from its X-ray pattern, being poorly crystallized,
but in appearance it resembled the zirconium trisulfide
described by Biltz.?

The reactions of zirconia, zirconium carbonitride!® and
zirconium metal with hydrogen sulfide or carbon disulfide
were carried ot in a zircon combustion tube which was held
horizontally in a Lindberg tube furnace. Tle inlet to the
combustion tube was connected to botli the argon and
hydrogen sulfide tanks by means of a T tube. Carbon
disulfide was introduced into the reaction chaniber by closing
off the HsS end and allowing the dry argon to bubble tlirough
a gas washing bottle filled with carbon disulfide. Tempera-
tures were measured by placing a platinum »s. platinum—
139, rhodium thermocouple above the charge inside the
furnace. Before each run the apparatus was evacuated and
filled with argon. The charge was then brought to the
operating temperature (while maintaining a flow of argon)
and then the sulfiding agent was admitted.

The differential thermal analysis apparatus employed is
similar in design to those described in the literature.!
The furnace is capable of maintaining a uniform heating
rate of 7° per min. or 12.5° per min. The thermal reference
standard was a-alumina. The high temperature X-ray
furnace is similar in design to those developed by Sowman

(10) This substance is made in the arc furnace and is essentially zir.
conium carbide but contains appreciable amounts of nitrogen and somne
oxygen.

(11) W.J. Smothers and Y. Chiang, * Differential Thermal Analysis:
Theory and Practice,”” Chemical Publishing Co., Inc., New Vork,
N. Y., 1958.
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and Andrews! but modified slightly for use with the Noreleo
90° diffractometer.

Results

Synthesis of ZrS,—Monoclinic zirconia'? re.
acted with carbon disulfide in the temperature range
850-1100° to yield a mixture ot zirconium disulfide
and zirconium sulfoxide, ZrOS. The observa-
tions on four preparations at 1000° are sum-
marized in TableI. The amounts of each constitu-
ent were estimated {rom the peak heights of their

TaBLE I
REACTION OF MONOCLINIC ZIRCONTA WITH CARBON DISUL.
FIDE AT 1000°

Reaction time Cowmposition of product (% of total)
2rS: ZrOS

(hr.) ZrO2 r
4 50 35 15
8 . 75 25
16 s 90 10
24 .. 95 5

most intense X-ray reflections. In the tempera-
ture range 1100-1200° the results were erratic.
Sometinles a mixture of products was obtained and
in other experiments only zirconium disulfide was
obtained. However, from 1200-1300° complete
conversion to zirconium disulfide occurred in 1-2
hours in every case. This temperature coincides
with the monoclinic-tetragonal inversion of zir-
conia. Furthermore, zirconia stabilized in the cubic
form (with CaO) yielded only zirconium disulfide
throughout the temperature range 830~1300°.
Thus, with the monoclinic oxide (below 1200°) it is
believed that two reactions occur simultaneously,
producing, respectively, ZrS, and ZrOS. The first
reaction is several times faster than the second so
that ZrS;, is always the predominant product. The
sulfoxide is converted to ZrS, by further reaction
with carbon disulfide but the reaction is slow. For
example, in a separate experiment ZrOS reacted
with CS; at 1000°. After 16 hours about 859, con-
version to ZrS; had occurred and after 24 hours about
90~95%,. Incontrast, cubic zirconia was completely
converted to ZrS; in 4 hours at 1000°.

The zirconium disulfide obtained from tlie action
of CS; on zirconia at 1200° was a soft, violet pow-
der. A typical analysis gave: Zr, 59.68%,; S,
41.019,. Required for ZrS. (including hafniumn
content): Zr, 58.99%,; S, 41.01%,. Spectrographic
examination revealed these impurities: Al, 0.001%;
Cu, 0.0005%; Fe, 0.0019,; Si, 0.0259%,; Ti, 0.002%.

Observations,—Zirconium disulfide was heated
in an inert atmosphere to 1400° without decomposi-
tion. Differential thermograms obtained in air at
heating rates of 7 and 12.5° per minute (Fig. 1),
however, show that oxidation begins below 100°.

(12) Zirconia exists in 3 allotropic modifications. The monoclinic
form is stable to about 1200°, the tetragonal from 1200° to approxi-
mately 1900° and cubic above 1900°. The monoclinic-tetragonal
transition temperature 1s sensitive to the presence of impurities and the
previous thermal history of the sample, W. M. Cohn and 8. Tolks.
dorf, Z. physik. Chem., B8, 331 (1930), using oxide containing 2%
MgO obtained 1000°, J. P. Coughlin and E. G. King, THis JOURNAL,
72, 2262 (1950), using purer material found 1205°, The oxide used
in this work inverted at about 1200°. The cubic modification can be

stabilized below 1900° by the presence of various solutes in the zir-
conia, such as alkaline earth oxides or carbomn.
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The thermograms exhibit three exothermic peaks.
The nature of the changes was determined by
taking X-ray diffraction patterns at temperatures
just below and above the peaks on the thermograms.
The pattern for ZrS, persists up to the temperature
of the first exothermic peak (300-330°) whereupon
it is converted to cubic ZrQO,. Analysis of the sam-
ples at this point showed that they still contained
2-59%, sulfur. The sulfur could not be washed out
with CS;, water or dilute acid. This sulfur stabi-
lizes the zirconia in the cubicform. Thebroadexo-
thermic region above 360° in the thermograms re-
sults from the burning of this sulfur. As soon as
enough sulfur is burned out, the cubic zirconia re-
verts to the monoclinic form, producing the final
sharp peaks.

An equimolar mixture of ZrO; and ZrS; heated in
a sealed evacuated Vycor tube yielded ZrOS. Com-
plete reaction was achieved in about 30 hours at
1000°.

Powdered zirconium metal was found to reduce
the disulfide to lower sulfides. Heating an equi-
molar ratio of reactants at 900~1000° for 4 hours
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yielded a mixture of Zr;Ss (909) and Zr;S, (109,).13
With increased proportions of zirconium metal the
proportion of ZrsS; in the product increased.

Reduction of zirconium disulfide also was ac-
complished at 900-1000° with magnesium metal.
In this case, too, a mixture of Zr;S; and Zr;S,; was
obtained together with MgS as a by-product.

Zirconium carbonitride was treated with hydro-
gen sulfide at 1100°, and zirconium metal with
carbon disulfide at 800-1000° in the hope of ob-
taining reduced zirconium sulfides. In both cases
zirconium disulfide resulted.

Acknowledgment,—The author wishes to ex-
press his sincere thanks to Mr. M. J. Franey
for valuable technical assistance, to Mr. C. W. F.
Jacobs for assistance with the differential thermo-
grams and to Mr. W. B. Blumenthal for many
helpful suggestions throughout the course of this
work.

(13) For a more complete description of these sulfide phases and their

X.ray diffraction patterns see H. Hahn, B. Harder, U, Mutschke and
P. Ness, Z. anorg. allgem. Chem., 292, 82 (1957).
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Studies on the Chemistry of Halogens and of Polyhalides.

XVII. Halogen Complexes

of Pentamethylenetetrazole!

By ALEXANDER I. Porov, CARLA CASTELLANI B1S12 AND MARILYN CRAFT
RECEIVED JUNE 16, 1958

Electron donor properties of a convulsant agent, pentamethylenetetrazole (PMT), were investigated by studying its com.

plexes with iodine and iodine halides.

A stable solid complex PMT-ICl was prepared. The stability of these complexes was

investigated spectrophotometrically in carbon tetrachloride solution and the formation constant values were, respectively,

2.0 X 103 for PMT-IC], 1.5 X 102 for PMT:-IBr and 7.5 for PMT-L,.

PMT . ICl were determined in the sodium chloride region.

Introduction

Study of the synthesis and pharmacological prop-
erties of neurological drugs has been a very active
field of research for a number of years. Yet, it is
surprising how little information is usually available
on the chemical and physico-chemical properties of
physiologically active substances, some with a long
and a successful clinical history behind them. It
seems quite natural to expect, however, that cer-
tain of these chemical properties must be in some
way related with their action in living organisms.
It is with this thought in mind that a detailed phys-
ico-chemical study of convulsant and anticonvul-
sant drugs has been undertaken in this Laboratory.

This study was begun with pentamethylenetet-
razole (hereafter abbreviated as PMT). Thiscom-
pound is a well-known convulsant agent which has
been quite widely used in shock therapy and as a
stimulant in general. Numerous derivatives of

C=N

CHa)s SN
(CHE N7

(1) Presented before the Medicinal Chemistry Division at the
133rd Meeting of the American Chemical Society, San Francisco, Cali-
fornia, April 16, 1958.

(2) On leave of absence from Institute of General Chemistry, Uni.
versity of Pavia, Pavia, Italy.

The infrared ahsorption spectra of PMT and of

PMT and of similar tetrazoles have been prepared
and were shown to have a wide spectrum of con-
vulsant and even of depressant activity.® Litera-
ture search revealed, however, that while reports on
PMT’s pharmacological and clinical activity are ex-
tremely numerous, its chemical properties remain
virtually unknown. Several solid metal complexes
of PMT with cadmium, copper, mercury and silver
have been prepared by pouring together concen-
trated solutions of PMT and the respective salt, but
were not adequately identified or described.*

It was of particular interest in this investigation
to study the basic or the electron donor properties
of PMT. The donor strength of a molecule can be
very conveniently determined from the study of its
halogen complexes, and actually a basicity scale
based on the strength of the iodine complex has
been proposed.®? This is especially true for rather
weak bases in which case the determination of their
basicity constants Ky, with respect to the hydrogen
ion may be rather difficult. Also, since complexa-
tion with halogens can be carried out in non-aqueous

(3) (a) E. G. Gross and R. M. Featherstone, J. Pharmac., Exper,
Therap., 87, 291 (1946). (b) F. W. Schueler, S. C. Wang, R. M,
Featherstone and E. G. Gross, 1bid., 97, 266 (1949).

(4) (a) J. L. Zwikker, Pharm. Weekblad., T1, 1170 (1934); (b) A.
Dister, J. Pharm. Belg., 8, 193 (1946).

(5) G. Kortum, J. chim. phys., 49, C127 (1952).



