
Reports 

High-Pressure Synthesis of 

Molybdates with the 

Wolframite Structure 

Abstract. A series of small cation 

molybdates, MgMoOi, MnMoOh, Fe- 

MoO,t, CoMod, NiMoOi, and ZnMoOk 
with the wolframite structure charac? 
teristic of the corresponding tungstates 
have been synthesized at high pressure 
and temperature. The high-pressure 
compounds revert to the ambient pres? 
sure modifications if heated in air at 

600? C. 

Molybdenum and tungsten both have 
six electrons outside a noble-gas shell. 
The ion radii of Mo6+ and W0+ are 

nearly equal (1). One might expect 
that corresponding compounds with 

hexavalent Mo and W would have 
similar crystal structures. The crystal 
structures are similar in some com? 

pounds, but there are notable excep? 
tions. One such exception has been 

the failure up to now to produce small 

cation molybdates isostructural with 

the wolframite-type tungstates, MgW04, 
ZnW04, MnW04, FeW04, C0WO4, and 

N1WO4. 
The structure of NiWO*, which is 

monoclinic with space group P2/c, is 

based on a distorted hexagonal close 

packing of oxygen atoms, with Ni and 
W atoms each occupying one-fourth 
of the octahedral interstitiai sites (2). 
Since compounds with the wolframite 

structure would be relatively dense, we 

thought that some wolframite-type 
molybdates might be synthesized at 

high pressure. 
Powder samples were prepared by 

grinding mixed oxides in the proper 
proportions in a mortar and pestle. A 

belt-type internally heated high-pres? 
sure apparatus (3) was used to effect 

synthesis. The samples were contained 
in platinum capsules, which also served 
as heaters. 

No attempt was made to obtain oxy? 
gen analysis of the small samples at 

high pressure; however, previous ex- 
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perience with other oxide systems has 
indicated that oxygen is retained in 
the high-pressure capsules at elevated 

temperatures (4). Also the internal 
structure of the materials of this in? 

vestigation indicated that the chemical 

composition of the final product was 
close to that of the original mixture. 

Mixtures of M0O3 and a metal mon- 
oxide were reacted at 60 kb and 900?C. 
The x-ray powder patterns of all the 

high-pressure samples were similar to 
those of wolframite. The powder pat? 
terns of some samples were quite dif- 
fuse. Annealing at 300?C in air gen? 
erally resulted in somewhat sharper 
powder patterns. 

The structure of the isostructural 

tungstates and high-pressure molybdates 
is monoclinic. However, the P angle 
may differ by only minutes of are from 
90?. Because of ambiguity in indexing 
of higher order reflections, deviation 
of the /? angle from 90? can be defi? 

nitely determined in powder patterns 
only by splitting in lower order reflec? 
tions and most prominently by the 

(111) (111) splitting. This splitting 
was detected in only two high-pressure 
molybdates. 

A comparison of the cell dimensions 
of the ambient-pressure tungstates as 
determined by Broch (5) and of the 

high-pressure molybdates is shown in 

Table 1. Comparison of monoclinic unit cell 
dimensions in ambient-pressure tungstates 
(B) and high-pressure molybdates (H). The 
data on ambient pressure are Broch's (5). 

Table 1. There may have been some 
undetected deviation from 90? in the 

fi angle for MgMo04, FeMo04, Co- 

Mo04, and ZnMo04. The cell dimen? 
sions of the wolframite-type tungstates 
and molybdates are very close as might 
be expected from the near equality of 
the radii of tungsten and molybdenum 
ions. 

To check the stability of the high 
pressure wolframite-type molybdates in 

air, samples were annealed at 300?C 
for 24 hours. There was no indication 
from the x-ray powder patterns of 

phase transformation. On holding in 
air at 500?C for 24 hours, partial phase 
transformation occurred. After 24 
hours at 600 ?C transformation to the 
ambient pressure modification must 
have been nearly complete in all of 
the high pressure samples, since there 
were no visible reflections of the high 
pressure phases. 

From the x-ray powder patterns, 
there appeared to be four crystal struc? 
ture types in the ambient-pressure 
molybdates. The patterns of the trans? 
formed CoMo04 and NiMo04 were 

nearly identical and agreed with those 
found in ambient pressure compounds 
by Smith (6). The MgMoO. and 
MnMo04 patterns were also similar. 
This agrees with an observation by 
Brandt (7) who mentioned that am? 

bient-pressure MgMo04 and MnMo04 
were similar. The ambient-pressure 
compounds, ZnMoO* and FeMoO*, 
each had a distinct powder pattern. 

High-pressure modifications are nec- 

essarily denser than normally occurring 
compounds. From the Smith data (6) 
on CoMo04 and NiMo04 and from the 

high-pressure data shown in Table 1, 
the calculated densities of CoMo04 
and NiMoO* are 4.79 and 4.94 g cm"3, 

respectively, for the ambient pressure 
modifications and 5.61 and 5.74 g cm"3 
for the high-pressure wolframite-type 
modification. The wolframite-type Co- 
Mo04 and NiMoO. are 17.0 and 16.2 

percent denser than the respective am? 

bient pressure compounds. 
Since the high-pressure molybdates 

all had the wolframite structure, it may 
be said that this is the structure charac? 
teristic of the small cation molybdates 
as well as for the tungstates. The struc? 

ture of the ambient-pressure molybdate 

polymorphs depends on the divalent 

cation. 
The failure to observe small cation 

molybdates isostructural with the wolf? 

ramite-type tungstates has been cited 
as a problem, which could not be ex? 

plained by the theories of modern 
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crystal chemistry (8). This problem 
no longer exists since the wolframite- 

type molybdates have been synthesized. 
The reason for the requirement of pres? 
sure to produce wolframite-type molyb? 
dates is part of the common and largely 
unexplained problem of polymorphism. 
It is evident from this and other in? 

vestigations that prophecies concerning 
possible high pressure polymorphs are 

justified. However, to explain why pres? 
sure is required for their production is 
not generally possible with present 
theories of crystal chemistry (9). 

A. P. Young 
C. M. Schwartz 

Battelle Memorial Institute, 
Columbus, Ohio 
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Morphogenesis of 

Syncytiotrophoblast in vivo: 

An Autoradiographic Demonstration 

Abstract. In an in vivo autoradio? 

graphic study of immature primate 
trophoblast, tritiated thymidine was 

first found only in nuclei of cyto- 

trophoblast but after 22 hours, labeled 

nuclei appeared in syncytiotrophoblast 
as well. Hence syncytiotrophoblast of 
the monkey appears to originate by 
differentiation of cytotrophoblast. 

The origin and function of syncytio? 
trophoblast has been a controversial 

subject (7, 2). Electron microscopic 
and immunohistochemical studies of 

benign and malignant trophoblast have 

strongly supported the concept that 

syncytiotrophoblast develops from cyto? 
trophoblast as the differentiated form 
of trophoblast and has as a major func? 
tion the synthesis of chorionic gonado- 
tropin (3, 4). These conclusions would 
be proved if it could be shown that 

placental cytotrophoblast differentiated 
in vivo into syncytiotrophoblast. 

Therefore an attempt was made to 

selectively label and follow the fate of 

cytotrophoblastic cells. Rhesus mon- 
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keys were selected because they have 
a chorio-allantoic type of placenta re- 

sembling closely that in man. Tritiated 

(H3) thymidine, which is incorporated 
into newly synthesized deoxyribonucleic 
acid (DNA), was chosen for the label 

since, of the two trophoblastic cell 

types, mitosis has been demonstrated 

only in cytotrophoblast. 
To ensure the use of immature de? 

veloping trophoblast, early pregnancies 
were detected by assaying for chorionic 

gonadotropin, a hormone detectable in 
the serum of rhesus monkeys only be? 
tween the 14th and 30th days of a 
5- to 6-month gestation (5). The assay 
for chorionic gonadotropin was based 
on the appearance of ovarian hypere- 
mia in weanling rats 3 to 18 hours 
after intraperitoneal injection of 1 ml 
of monkey serum. Pregnant monkeys 
were injected intravenously with 0.5 

/xc of H3-thymidine per gram of body 
weight, and at intervals thereafter (Ta? 
ble 1) they were anesthetized with pento- 
barbital and either a hysterotomy with 

placental biopsy or hysterectomy was 

performed. All tissues were fixed in 
Bouin's fluid, embedded in paraffin, 
sectioned at 4 /x, coated with Kodak 
AR 10 stripping film, and exposed at 
4?C in plastic boxes containing Drierite. 
After sufficient exposure the slides were 

developed, stained with Harris' hema- 

toxylin, differentiated in 0.2 percent 
HC1, and blued in 0.5 percent sodium 
acetate. 

Immature chorionic villi were ob? 
tained from four monkeys at seven 
intervals and, as indicated in Table 1, 
in the first 12 hours all labeled nuclei 

appeared in cytotrophoblast; no labeled 
nuclei were seen in syncytiotrophoblast 
(Fig. 1). At 22 hours there were a 
few labeled nuclei in cells apparently 
intermediate in position between cyto? 
trophoblast and syncytiotrophoblast, 
and a few more in outright syncytio? 
trophoblast. At 48 and 72 hours, la? 
beled nuclei were found in both cyto? 
trophoblast and syncytiotrophoblast in 

approximately equal numbers (Fig. 2). 
Since there was no evidence of inde? 

pendent synthesis of DNA in syncytio? 
trophoblast, which is in accord with the 
in vitro studies of Richart (2), the 

hypothesis that the syncytium increases 

by amitosis would appear to be unten- 
able. Thus we concluded that syncytio? 
trophoblast is derived by differentiation 
of cytotrophoblast. 

To substantiate this conclusion we 
studied immature villi and trophoblastic 
columns from these monkeys with an 
electron microscope. Our results (6) 

Table 1. Localization of nuclei in trophoblast 
labeled with H3-thymidine. Time is given in 
hours after administration of HMhymidine. 

show that syncytiotrophoblast contains 

many dilated cysternae of endoplasmic 
reticulum, a feature of functioning dif? 

ferentiated cells (7), while cytotropho? 
blast contains many free ribosomes 

with few profiles of endoplasmic reticu? 

lum, a feature of rapidly dividing, un- 

differentiated cells (8). Cells midway 
in position between cytotrophoblast 
and syncytiotrophoblast (intermediate 
cells) possess features of both cell 

types. This suggests a developmental 
relationship between the undifferenti- 

ated and differentiated cells such as has 
been shown for other systems (8). 
Previous ultrastructural studies have 

shown similar intermediate cells in ma- 

lignant human trophoblast (3). 

Syncytiotrophoblast of the monkey 
seems to originate solely by differenti? 
ation from cytotrophoblast and, as the 

differentiated form of trophoblast, 
should be expected to perform the spe? 
cialized functions of trophoblast. In 

Fig. 1. Placental villi from a monkey 1 
hour after it had received H3-thymidine. 
Only cytotrophoblastic nuclei are labeled 
(see arrows). There are no labeled nuclei 
in syncytiotrophoblast. 
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