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SUMMARY:

Why do we know more loday than we did yeslerday? One reason
is Ihat scienlisls engage in research. The excilement of discover-
ing new knowledge Ihrough research is ilustraled by studying the
bond strength of gaseous litanium monosullide. Gaseous TiS
molecules as well as gaseous lilanium and sulfur aloms are
produced by the vaporizalion of the high melling crystaliine
litanium monosullide al temperalures near 2000°K. The
procedures lor producing and measuring lemperalures in this
region are shown. Analysis of the mass specirum gives the
relalive concentrations of alomic Ti and S, and of TiS mole-
cules. A lorsion ellusion apparalus gives dala on the loal gas
pressure at a series of lemperaluwres. From these dala, we
calculate the bond strength of gaseous TiS. Bul al leasl as many
new questions are raised as are answered. We don'l run out of
queslions in research.

PURPOSE:

To slimulate inlerest in pure research by showing some experi-
mental procedures used in high lemperature chemislry lo
delermine the bond strength of gaseous lilanium monosullide.

OUTLINE:

1. Explaining the properties of subsiances with high meling
points.

Substances such as lungsten (V1) boride WB,, boron carbide
B,C., cerium (I11) sulide Ce,S,, litanium (1) oxide Ti,O,,
titanium ([1) oxide TiO, and titanium (11) sulfide TiS all have high
melling lemperatures (near 2000°C). This behavior arises
because the aloms are strongly bonded 1o one another in a three-
dimensional network. The slructure of solid TiS is explained with
the aid of a model. The question is then raised as lo whal gas
species will florm when Ihe TiS is healed lo a sulficiently high
lemperalure.

2. Identifying the various gas species and delermining their ratios.
The solid TiS sample is placed in a tungslen crucible and aller a
vacuum of aboul one-billionth ol an atmosphere is achieved, the
sample is healed lo about 1300°K by a tungsten ribbon.
Electron bombardmen! increases the lemperalure lo 1805°K,

(well below the melling point of 2203°K) as shown by an oplical
pyromeler. A shuller is opened lo allow gas species escaping
from the crucible lo reach the deteclor of a mass speclrometer.
With the shutter closed, residual gases in the system are
recorded and laler subltracied from the spectrum. The mass
specrum reveals that the gas species are Ti and S aloms and
TiS molecules in the ratio of 1.00 : 1.00 : 2.10. The experimenl
is perlormed al olher lemperalures lo delermine the correspond-
ing ratios.

3. Measuring the vapor pressure and calculating partial pres-
sures.

With the aid of animation, the operalion of a lorsion effusion
apparalus is explained. From Ihe observed twisl of the efiusion
cell, the lotal vapor pressure of the equilibrium gas may be
determined. From the relalive gas pressures as delermined wilh
tha mass speclromeler, the actual gas pressure ol each species
is calculated. Performing the experiment at other lemperatures
gives vapor pressures as a funclion of lemperalure.

_ 4. Calculating the bond slrength of gaseous TiS molecules.

The strength of the TiS bond is the energy required lo separale
gaseous TiS inlo gaseous Ti and S aloms. This quantity must
be calculated from the dala of the two experiments performed,
namely, vaporizalion of sofid TiS lo gaseous TiS apd dissocia-
tion of sofid TiS into gaseous Ti and S aloms. The dala from the
reaclions is maipulaled as lollows:

AH (kcal/mol)
(1) Ti(s) —* Ti(g) + S(g) +240
(2) TiS (g) «— TiS(s) -117
TiS(g) — Ti(g) +S(g) '+123 (514 kJ/mol)

Nole thal reaction (2) is the reverse of the vaporization reaclion,
hence the sign of AH is reversed.

The fundamenial equation relating changes in vapor pressure lo
changes in lemperalure is as loflows:
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relating log ,, 1o nalural logarithms. Thus one oblains the
equation AH=Ks where s s lhe slope of the plol and K is a
constant of value - 4.58 x 107 lo give AH values in kilocalories.
From the above equalion, the numerical value of the constant K
is calculated as loflows:

K= 2‘303 X 1.981 - _458 X ln!
1,000
Nole that the line plotied slopes downward from lefl fo right, so
the slope will have a minus value:
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Thus AH lor the vaporizalion has Lhe valve:
(-2.56 x 10%) (-4.58 x 10*) = 117 kcal, 489 kjoule.

I is interesting lo nole thal the piot of log P vs. 1/T is nol realty
quile a straight ine. In other words, AH, the heal of reaction,
varigs with lemperalure, normally decreasing as lemperature
increases.

Delermining the bond strength of TiS was the immediale goal of
this high lemperature research. However, as with most research,
more new questions are raised than are answered.

SUPPLEMENTARY MATERIAL:

Nole that three methods of healing samples are ilusiraled in the
film. These are radiation from a hot flament, electron bombard-
ment, and high frequency induction. The essential use of a
bound nolebook will be recognized, since a vilal piece of
information on a loose page could be lost. A nylon glove is
necessary during the assembly of the crucible and healing
apparalus lo avoid conlamination.

The techniques demonslraled in this presentation are conslantly
being modified and are finding new applications both in research
laboralories and in induslrial plants. Among the mosl exciling are
the high-lemperalure syntheses of the variely of newly developed
superconduclors and the preparation of less britlle, highly
refractory ceramic malerials. New methods employing lasers of
concenlraled solar radiation have given much grealer range and
flexibility to altaining high temperatures. Methods involving zone
refining and chemical vapor deposition can produce the ullra-
pure, high-melling malerials demanded by the electronics
industry. Even films of diamond (sublimation lernperature nearly
4000°C) are made by vapor deposition.
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