with the non-cross-reacting antibody may
be said to produce a phenotypic modi-
fication of host range: approximately 50
percent of the initial particles, which
could adsorb both to B and to F, become
incapable of adsorbing to F and resem-
ble BF~ mutants for their very next host
interactions. The evidence is thus clear
that these serum-induced BF~ pheno-
copies have reacted with one or more
antibody molecules in a region, presum-
ably the tail, which is critical for host
interactions. It remains to be determined
whether they differ initially, before
serum treatment, from the remainder of
the virus particles that become inactive
for B.

7) The serum-induced BF~ pheno-
copies are immune to a fresh input of
the same absorbed serum, but they are
neutralized readily by unabsorbed serum
at a comparable concentration. Hence,
they contain, in the critical region, un-
reacted antigenic sites which react speci-
fically with cross-reacting antibody.
Topographically, these unreacted sites
must be separated from the reacted sites
at least by a distance sufficient to allow
further antibody attachment.

Thus, at least 50 percent, and prob-
ably more, of the B-infective particles
in a T5 stock contain at least two spa-
tially separated and serologically dis-
tinguishable antigenic sites in the critical
region for host interactions. The experi-
ments reveal nothing further as yet
about the manner in which these sites
are associated in the virus particle; they
may or may not prove to reside on sepa-
rable subunits. Mutation to BF~ leads to
the loss of one kind of antigenic deter-
minant not only from the critical region
but from the entire antibody-reactive
surface of the virus particle. The exclu-
sion from the critical region follows, by
definition, from the failure of the non-
cross-reacting antibody to neutralize BF~
mutants. The exclusion from the entire
reactive surface follows from the inabil-
ity of BF~ mutants to remove this anti-
body from a T5 antiserum.

The tight correlation between the
host-interacting and the antibody-bind-
ing activities both of T5 and of the BF-
mutants suggests a close relation, possi-
bly identity, between the surface struc-
tures responsible for these activities in a
given virus particle. Further analysis will
be needed, however, before this correla-
tion can be interpreted with confidence.
Nevertheless,” we can now interpret, or
approach from a stronger vantage point,
such puzzling phenomena as the de-
pendence of the serum-survivor assay on
the assay host, the dependence also of
the shape of the neutralization curve on
the assay host, and the dependence of
these host effects on the particular anti-
serum employed.

Finally, the demonstration of an anti-
body that can react with critical sites
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on a virus particle without neutralizing
its infectivity for all hosts means that
caution must henceforth be exercised in
deciding the locus of action of a “non-
neutralizing” antibody.

Frank LANNI
Department of Bacteriology,
Emory University, Atlanta, Georgia
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Vulcanization with
Tetramethylthiuram Disulfide

Three principal hypotheses have been
advanced in efforts to explain the effi-
ciency with which rubber is vulcanized by
tetramethylthiuram disulfide (TMTD)
in the presence of zinc oxide: (i) forma-

‘tion of carbon-to-carbon crosslinks, in

analogy with vulcanization by tertiary
peroxides (I, 2) or as a consequence of
radical addition to the rubber (2, 3);
(ii) “copolymerization” of disulfide bi-
radicals with olefin double bonds (4, 5);
(iii) oxidation of a mercaptan formed
by attack of a disulfide radical derived
from TMTD on the hydrocarbon (6).

An outline of a fourth mechanism

Table 1. Stoichiometric relations in
TMTD vulcanization.
. Pre- Refer-
Ratio dicted Found ence
R:NCSs
formed/

TMTD taken 4/3 1.32 (15)
S combined/

crosslinks 2/1 1.9 (16)
S combined/

TMTD taken 2/3 0.61 (13)

ZnO required/

TMTD taken 1/1 1.1 -1.2 (17)
H:O formed/

TMTD taken 1/3 0.33-0.50 (I8)
Crosslinks

formed/

TMTD taken 1/3 0.26 (16, 19)

0.28 (20)

is described in this report (7). Only
known reactions, or those for which a
closely analogous reaction is known, are
required. The mechanism involves the
same final step as that of Bielstein and
Scheele (6). The preceding steps are dif-
ferent, being derived from a symmetrical
dissociation of the reagent instead of the
unsymmetrical dissociation postulated by
these authors.

The reaction occurs in three stages.
The first is a radical reaction of TMTD
with the olefin:

Initiation:
R:NCS:S:.CNR.: = 2R-NCS, ( 1 )
Chain carrying:
R.NCS: - + R"H—> R.NCS:H+R’- (2)

R’ -+ R:NCS; S:CNR. —>
R'SzCNRz + RzNCSz : (3 )

where R’H is rubber hydrocarbon and R
is methyl.

Evidence for free radical activity of
TMTD exists in its effects on vinyl poly-
merization (8). The stoichiometry of
reactions 1 to 3 follows directly from
the experiments of Moore (9) with ben-
zothiazyl disulfide. (An alternative set of
chain-carrying reactions involving addi-
tion at the double bonds is not com-
pletely excluded by the available evi-
dence, but reactions 2 and 3 are presently
preferred on general grounds.)

The second stage is hydrolysis of the
dithiocarbamate ester. In this view the
hitherto mysterious role of zinc oxide in
vulcanization is seen to result simply
from the solubility of basic zinc salts in
rubber. Although zinc oxide per se does
not react directly with the intermediate
sulfur compound, we may write the re-
action formally as

ZnO + R’S:CNR, —>
R’SZnOC(S)NR: (4)

to illustrate the essential features of this
stage: (i) the carbon-sulfur bond of the
vulcanizing reagent is broken by hy-
drolysis and (ii) with a sufficient excess
of basic salt, the rubber hydrocarbon-sul-
fur reaction product is present as mer-
captide.

Finally, the mercaptide is oxidized by
TMTD (35, 10).

R’S"+R.NCS;- —> R’S - + R.NCSs (5)
9R’S - —> R/SSR’ (6)

As with reaction 4, reaction 5 is a formal

‘representation of the oxidation step. The

actual mechanism may involve radical
exchange in the presence of base (I7)
rather than the free radical oxidation
implied by Eq. 5.

The over-all equation is:

2R’H + 3R2NCSzSzCNR2 +3Zn0O —
R’SSR’ + 2Zn(S:CNR.) 2 +
Zn(OCSNR2)2+ H:0O (7)

All of these products except the oxythio-
carbamate have been observed; the COS
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detected by Craig, Diller, and Rowe
(12) may be derived from it. Experi-
mentally determined stoichiometric ra-
tios are summarized in Table 1, for
comparison with Eq. 7.

No attempt is madec at present to spe-
cify the structure of the crosslinks formed,
which may depend on temperature. The
instability of olefinic disulfides at curing
temperatures is well known (13, 14).

E. M. BeviLacoua
United States Rubber Company,
IWayne, New Jersey
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Hydrothermal Recrystallization
of Molybdenum Trioxide

Whisker-like crystal growth in metals
has been the object of several investiga-
tions, especially within the past few
years (I). Not until very recently has
whisker growth in an oxide system been
reported (2).

In this investigation, whisker-like crys-
tals were grown in the system MoO;—
SiO, under hydrothermal conditions.
Homogeneous MoO;-SiO, solid mix-
tures were prepared by “flash-drying” a
solution of ammonium- heptamolybdate
in ammonia-stabilized Ludox (3). This
was accomplished by dropping the solu-
tion, a drop at a time, into a platinum
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crucible that was heated to a dull red.

It was found that whisker growth
could be carried out by placing small
ampules containing the MoO,-SiO,
solid, together with capillary tubes filled
with water, directly into a controlled-
temperature furnace. A temperature of
375°C, a steam pressure of 5 atm, and
a hydrothermal treatment time of 72
hours produced abundant whisker growth
from a 3 weight percent MoO,-97
weight percent SiO, substrate.

A photomicrograph of a MoO,-SiO,
solid which was subjected to hydro-
thermal treatment is shown in Fig. 14.
An electron micrograph of a sample of
these whiskers is shown in Fig. 1B. Their
size was observed to vary widely: diam-
eters of 5 to 50 u and lengths up to
about 5 mm were typical.

Physical property measurements were
not undertaken as a part of this investi-
gation. However, it was qualitatively ob-
served that MoO, whiskers could be
bent over a large radius of curvature
with no apparent permanent deforma-
tion. If the bending were continued,
whiskers tended to split longitudinally
rather than break along the shorter di-
mension.

Samples of the whiskers were sepa-
rated from the MoO,-SiO, substrate
and subjected to x-ray diffraction, in-
frared spectrometer, and arc-emission
spectrographic analysis. As a result of
these analyses, it was concluded that the
whiskers consisted of high-purity MoO,.

In one series of experiments, films of
SiO, were prepared by grinding flash-
dried Ludox silica sol with enough water
to form a paste and spreading the re-
sulting paste on platinum slides. Simi-
lar films of MoO, were prepared by
spreading MoO,-H,O paste on the
slides. In one of these experiments a
film of SiO,, about 1 mm thick and 2
cm long, was laid down in such a way
as to cover one half of a slide. On the
other half of the slide a MoO, film of
similar dimensions was laid down. The
two films were in contact. The films
were rapidly dried in a furnace at
480°C, and the slide supporting the films
was subjected to hydrothermal condi-
tions (400°C and 4.85 atm steam pres-
sure) for 96 hours. The slide was then
examined with the aid of a microscope.
Whiskers were observed over the entire
length of the SiO, film. No whiskers
were observed on the MoO, film.

In a similar experiment but with the
SiO, and MoO,; films separated by a
2-mm gap, no whiskers were observed
on either the SiO, or MoO; films.

These data indicate that the migra-
tion of molybdena in the growth of
MoO, whiskers occurs via the solid
phase rather than by a vapor-phase proc-
ess. The silica substrate is believed to
play a unique part in the molybdena
transport and crystal-growth process.

Fig. 1. (Top) Photomicrograph of MoOs
whiskers grown from a MoQsSiO, sub-
strate (about x 80). (Bottom) Electron
micrograph (2800X) of MoOs whiskers
(about x 2200).

This is suggested by the fact that whisk-
ers were observed on the silica substrate
but not on the molybdena substrate in
the film migration study.
JamEes L. CaLLAHAN®
Rarpu H. PeTRUCCI
CHARLES A. BRowNT
Department of Chemistry, Western
Reserve University, Cleveland, Ohio
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