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"The LORD'S mighty power has done it"
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ABSTRACT

Chemical transport reaction in a temperature gradient is used to grow single crystals

of SmSe and SmTe in a closed tube using a one side open tubular furnace built by us.

Chemical transport of these two compounds is achieved using iodine as a transport agent.

The optimum operating conditions which are basically predicted by thermodynamics

and as positively observed by experiment are Ts = 668 °K and Td = 475 °K for the system

SmSe / 1, and Ts = 717 °K and Td- 503 °K for the System SmTe /1, .

Better transport rate is observed for the system SmTe / 12 . However , the sizes of the

crystals grown in both cases are relatively small owing to the relatively shorter time that the

reactors stayed in the furnace.

As one of the prime objectives of chemical transport reaction is separation of the

compound of interest from other impurities that is cleaning , this is observed for the system

SmSe / I2 which separates itself from the compound Sm,Se4 .
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1. INTRODUCTION

1.1 Crystal Growth from the Vapour

1.1.1 General

The method of crystal growth from the vapour phase is mainly used to obtain single

crystal platelets (1), thin crystal layers (films) and metal whiskers (2) and the growth of

certain organic crystals (3). An advantage of growth from the vapour is that in some cases

extremely pure crystals with good surfaces are produced.

Crystallisation from the vapour phase can be classified in to three main categories (4).

These are growth by sublimation, chemical vapour deposition, and chemical transport

reaction.

Growth by sublimation In the simplest case the material to be crystallised is

evaporated at a sufficiently high temperature, and the vapour is then led to a region of lower

temperature where it crystallises by condensation. The direction of transport in this technique

is always from hot to cold. The important conditions that must be fulfilled are a

thermodynamic equilibrium should be established between the solid and the gas phase and

the vaporisation has to be congruent i.e. the composition in the solid and the gas phase has to

be the same. Crystal growth in this technique especially for rare-earth compounds requires

relatively higher temperature for most of these compounds exhibit very high vaporisation

points.

Chemical Vapour Deposition (CVD) In growth by this technique, the feed vapours

must be generated by evaporation from a surface, usually a solid surface. The volatilized

material then is transported to a substrate on which it is decomposed (5). In most cases, the

deposition substrate must be kept at a relatively high temperature although in very rare cases
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the opposite may happen. This chemical transformation may generally be achieved by

processes of the following type :

- disproportionation of high temperature species, e.g.:
cool

2GeI2 => Ge (s) + Gel4 ;

- reduction, e.g.:

WF6 +
heat

3Hj => W (s) + 6HF ;

- pyrolysis, e.g.:
heat

GeH4 => Ge (s) + 2H2.

Chemical Transport Reaction (CTR) This applies to reactions in which a solid

source material reacts with a gaseous transport agent at a temperature T, to produce

exclusively gaseous products, while at another location in the system at temperature T2 the

reverse reaction occurs resulting in tho deposition of the material to be crystallised (7,8).

Chemical transport reaction is similar to sublimation except that a carrier gas, often a

halogen, is present to help volatilize the non-volatile metal component (9), and the direction

of transport in the former case is not only in one direction (hot^cold) but also the reverse is

possible.

Chemical transport reaction differs from that of chemical vapour deposition in that in

the first case the carrier gas acts as a catalyst transporting the compound of interest to the

place of deposition but is not finally involved in the process. In the second case, the reagents

are changed during the course of reaction (6).

2


































































































































































