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1. Phys: Condens. Matter 4 (1992) 9491-9500. Primed in lhe UK 

A short-chain model for local structure in liquid tellurium 

M Misawa 
BSF-Neutron Facilily, National laboratory for High Energy Phyrirs, 1-1 0110, ' h k u b a ,  
IlMnki 305, Japan 

Received 18 June 1992, in final form 2 September 1992 

AbrlnicL l l i e  slruclure facton S ( Q )  of liquid tellurium measured y pulsed neutron 
dilfraction a1 490, 670 and 800 T lime k e n  analysed using a method based on a short- 
cllain model. llie S ( Q )  and llie pair dirlribulion funclions g(r) muld k explained 
using this model. Tie mean chain lenglh stimated foc each temperature k rather slion: 
nboul 14. 8, and 6 F e  alomdcliain) at 490, 670 and 800 "c, respectively. Tte enlhalpy 
of scission of a Tr-Te Lnnd in tlie liquid stale is estimated IO k 14.5 kcal (g a 1 m n - l  
(0.63 cV). A mug11 slimation of the mean chain Icnglh of Se-Te liquid alloys as 
a function of the temperature and tuncentmion suggests that ~n anomalous volume 
contraclion may k related lo a shortening of Se-Te miied chains. 

1. Intmductioii 

The local structure of liquid tellurium (Te) has received considerable attention because 
of its characteristic behaviour regarding electronic and thermodynamic properties. A 
structural evolution from a two-fold atomic configuration to a three-fold one  in liquid 
72 with increasing temperature has been proposed by Cahane and Friedel [ l ]  based 
on the neutron diffraction data of ?burand and Breuil 121. Many x-ray [3, 41 and 
neutron [5-10] diffraction measurements on liquid R have been carried out since. 
The x-ray results seemed to support the data of Tourand and Breuil. Recently, 
Enderby and Barnes [ l  I ]  examined all of these diffraction data, and concluded that 
recent neutron diffraction data (5-101 were in general agreement with each other, 
but totally disagreed with the earlier measurements [ 2 4 j  upon which the Caband 
and Friedel model was based. Thkeda ef ai [7] have, however, reported that the 
temperature dependence of their neutron diffraction data could he explained by a 
gradual transition from a two-fold coordinated ordering (non-metallic) to a three-fold 
wordination (metallic), which is basically similar to the Cabane and Friedel model. 
Menelle ef a/ [9, 10) examined the local structure of supercooled liquid Te and found 
a significant decrease in the first coordination number in the supercooled state. They 
suggested a distinct origin for one  of the three atoms of the lirst coordinated shell. 
The local structure of liquid le, especially the three-fold atomic configuration, seems 
to be still subject to controversy. 

The  short-chain model may be one  of the simplest structural models for liquid R, 
since the R atoms form long chains in the crystalline state. It seems, however, that 
this modcl has not been examined in detail. We belicve that it would he worthwhile to 
examine whether or  not it can explain quantitatively the local structure of liquid R. It 
is commonly ohserved in the pair distribution functions g ( v )  of liquid R that there is 
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a substantial penetration of the first coordination shell by non-bonded Te atoms [ll]. 
This penetration prevents one from estimating an accurate number of covalent bonds 
and, therefore, from estimating the mean chain length if chains exist. The separation 
of bonded Te atoms from non-bonded 'R atoms in the first coordination shell seem 
to be essential. 

It is generally hard to decompose the bonded and non-bonded atoms with 
sufficient accuracy. However, if the structural unit in the liquid is given, the 
determination of the local structure and, therefore, the decomposition of the first shell 
may be made by applying the Same technique as used in analyses of the orientational 
correlations in molecular liquids (121. Unfortunately, the structure of the short chains 
of Te is not uniquely defined, except for very short range, since various conformations 
of chains may be statistically possible [13]. We therefore choose a X, dimer as a 
definite structural unit in liquid Te. Moss and Price 1141 have shown that a random 
packing of Se, dimers can simulate quite well the S(Q)  of amorphous selenium if 
all the dimers are aligned. Their investigation supports the present choice of the Te, 
dimer as being the structural unit in liquid 2. 

initially, all of the 'Ez dimers are 
distributed at random; they are then polymerized into short chains and redistributed 
so as to reproduce the experimental S(  Q). From this procedure we can estimate an 
average conformation of the chains (bond length, bond angle and dihedral angle), 
the mean chain length, and interchain configurations. As a result, a decomposition 
of the first coordination shell into the intrachain and interchain distributions may be 
made. 

The purpose of this paper is to examine the validity of the short-chain model 
to describe the local structure in liquid R. In order to obtain the structure factors 
S(  Q) to high (2. pulsed neutron diffraction experiments were carried out. 

The analytical procedure is as follows: 

2. Experimental details and results 

The structure factors S( Q) for liquid 'R were measured by pulsed neutron diffraction 
using the S ( Q )  instrument (HIT) installed at the pulsed neutron source at the 
National Lahoratoly for High Energy Physics (KEK), 'ISukuba. A Te sample of 
99.9999% purity was sealed in a thin-walled silica glass cell (8 mm in inner diameter 
and 0.35 mm in wall thickness). The S ( Q )  measurementS were made at three 
temperatures (490, 670 and W'C). The S(Q)  was obtained from the scattered 
intensity after standard corrections 11.51, such as subtraction of the cell intensity with 
attenuation corrections [16], multiple scattering [I71 and normalization to the cross- 
section using a vanadium standard. The number density p of liquid Te was taken 
from 1181. The experimental points of S ( Q )  measured at the three temperatures are 
shown together with smooth fits in figure 1. The smoothed curves are used for the 
following analysis. 

The pair distribution functions g ( r )  are shown in figure 2, which are calculated 
from Fourier transforms of the structure factors S(Q) truncated at about 18 k'. 
The dashed line in the g ( r )  plots for T < 2.5 8, is noise and/or artifact due to 
truncation. The g ( ~ )  curves are essentially in good agreement with those of other 
recent neutron measurements [7, lo]. The definition of the coordination number n 
for liquid 'R is ambiguous, as described in the previous section. However, if one 
defines it as being the integration from the leading edge of the first peak (typically 



Short-chain model for liquid E 9493 

I , / , , , I I  

800 *c 

6m ' c  

490% - 

" ( " ' " ' '  10 15 0 2 4 6 8 I O  12 
Q i A - ' l  r l A I  

Figure t Experimental s t r u c l u ~  Iacton S ( Q )  lor 
liquid tellurium measured a1 490, 670 and 8 o O T .  
TlIe poinu represen1 lhe unsmaothed &?la and the 
full  curve^ are smoolli fils. n>e upper two N N ~ S  

are shifled in the venical direclion for clarity. 

Figure 2. Experimenlal pair dislrihulion functions 
y(r) for liquid tellurium at 490, 670 and 8wT. 
The upper WO NNCS are shifted in the Vertical 
direclion for clarity. 

2.56 A) to the first minimum of g ( r )  (typically 3.44 A) the values of 71 are calculated 
to be 2.9, 3.0, and 3.2 in order of increasing temperature, while the integration from 
the same value as described ahove to the first minimum of 4 n r z p g ( r ) ,  instead of 
g ( r ) ,  typically 3.14 gives n values of 20, 1.8, and 1.7 in order of increasing 
temperature. Since these values depend strongly on the definition of the region of 
integration, they are meaningless unless a decomposition of the first coordination 
shell is made. 

3. A short-chain mudel 

3.1. Melhod of anabsis 

We analyse the S ( Q )  for liquid 'k in a similar way as for liquid halogens. A Rz 
dimer w s  chosen as a basic structural unit, as described in section 1. Since the 
details concerning the method of analysis were fully described in [12, 191, only a brief 
description of the method is presented here. The structure factor S(  Q) for molecular 
liquids can be written as 

S ( Q )  = .S,(Q)+AS(Q) (1) 

where S,(Q) is the structure factor Cor a reference liquid in which Rz dimers are 
completely uncorrelated in orientation and A.S(Q) is a correction term used to 
incorporate polymerization and orientational correlation effects. In the present case, 
we need at least two different correction terms, L~S(Q)~,,, and A S (  Q)inter, since 
the R2 dimers are allowed to polymerize into the short R,, chains and the chains are 
distributed so as not to overlap with each other. AS(Q)i,,, is a correction for the 
polymerization, from which the mean chain length and the local chain conformation 
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are obtained. A.5'(Q)inler is the correction for the distribution of chains, from which 
the interchain configurations a re  obtained. 

S,(Q) is given hy 

Su(Q)  = Fi(Q) + F u ( Q ) [ s c ( Q )  - 11 (2)  

where F, (Q)  is the intradimer form factor; F,(Q) and .S,(Q) are the  interdimer 
form factor and the cen t r exen t r e  structure factor respectively for completely 
uncorrelated dimers. PI(&) and F u ( Q )  for Tkz dimers have the same formulae 
as those defined for halogen molecules [12]. SJQ) is assumed to he  given by the 
structure factor for hard spheres Shs( Q) calculated by using a Percus-Yevick hard- 
sphere model [20] with two simple parameters: an  effective diameter v and a packing 
fraction rj of Tkz dimers. v and rl are related to each other through the definition 
q = r(p/2)03/G, where p is the observed numher density of Te atoms. An artificial 
damping factor Ah. is introduced in order to reduce oscillations in S,,(Q) persisting 
to very high Q [12]. 

Both the A.5'(Q)hlra and AS(Q);,,,, are formally given in the same formula 
by [12, 191 

- F u ( Q ) F e x p  ( - T ) ]  A R ~ Q :  
(3) 

where a labels an atom in the central 'It?: dimer, p labels an atom in a neighbouring 
dimer, R, + v B  - P, is the vcctor distancc bctwccn atoms a and 0 (which depends 
on a rclative orientation f2 of the two dimers), R, is a distance between the centres 
of thc two dimers in the reference liquid, and ? ~ , , , ( ? n  = intra or inter) is the numher 
of equivalcnt dimcrs correlated in the same orientation as that specified above. ninlra 
is an important parametcr, since the mean chain length is evaluated form this value. 
In order to define vcctor R, and the orientation R of the second dimer, different 
coordinates a re  adopted for each of A.5'(Q)in,,a and AS(Q)in,e,: for AS(),,,,, bond 
length 1,  bond angle Ob, and dihedral angle d~~ are  used; while for AS(Q)inler,  polar 
coordinates R,, 0, and (I> (for the centre of the second dimer) and tilting angle B 
(for the direction of the axis of the sccond dimer) a r e  used. The  fluctuation of the 
atomic spacing hctwcen atoms CI and 0, A,,, is evaluated from the fluctuations in 
the ahovc-mentioned coordinates. 

Thc  numhcr of the nearest neighbour Tk atoms n., in the chain is obtained from 
the value of ninlra using 

711 = It ll.i,,lra/2. (4) 

The mcan chain length ( L ) ,  which is dcfined as the mcan numhcr of atoms involved 
in one chain, is given hy 

( L )  = 4 ~ 2  - 7 1 , ~ ~ ~ ~ ~ ) .  (5 )  

In the following the most probable local conformation of the chains, the mean 
chain lcngth and the interchain configuration arc estimatcd by fitting (1) with ( 2 )  and 
(3) to the experimcntal S(Q) using a non-lincar least-squares method (211. 
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3.2. Filling results 

Figure 3 compares the fitted structure factor S(Q) with the experimental one  
measured at 49OOC. The agreement between the [WO S(Q)'s is reasonably good. In 
the figure, the structure factors (S.(Q),  AS(Q).,, and AS(Q)i,,e,) are also shown. 
The  structure factor for randomly distributed R, dimers, S,( Q ) ,  is considerably 
modified by the [WO correction terms (AS(Q)i,,,a and AS(Q)iD,er )  in the Q region 
from 1 to 4 kl. The first peak of S(Q) and the dip following this peak are  closely 
related to the interchain correction term AS(Q)in le , ,  while the second peak and 
the second dip are related to the  intrachain correction term A.S(Q),l,a. The  fitted 
parameters are listed in tables 1 and 2. 

Table I. Intrachain stmuctu~ p?rr"lun: the land length l ,  its Ruciuaiion AI, Ute band 
angle 8,. its fluctuation Ab',, the dihedral angle &. its Ruclualion A &  and Ihe number 
of the nearest neighbour dimers in a cliain t~~,,,,.. 

iO.005 fO.005 f l . 2  f 6 . 1  f2.5 f15.4 i 0 . M  
670 2.889 0.19 103.7 103.9 8.2 2. I 1.4h 

50.005 fO.005 f I . 2  i 6 . l  i 2 . 8  f18.4 f0.M 

iO.005 f0.005 f2 .3  i 7 . 3  i 3 . 2  i 1 8 . 9  f0.M 
800 2.890 0.19 105.3 96.4 8.1 3.1 1.36 

Tnl,le Z Inlerchain slmclure p7ramelen: llie elfcclive diameter of Tez dimiem 0 ,  the 
pxking fnction 71. llie dumping factor Ah, llie polar coordinates for the centre of 
correlated dimer R,, 0 and <D, the lilting angle of mrrelaled dimer 8. ils Ruclualion 
As, and the number of correlated dimen in llie quivnlenl configuration ninr,. 

T */ Ab 0 8 A O  7ailcr rc) PA) (A) $1 (d%9 (de@ ( d e 8  (W (dimen) 

490 3.83 0.402 0.58 4.20 61.4 0 11.3 0.1 3.0 

670 3.85 0.399 0.58 4.16 61.9 0 12.6 1.2 2.68 

800 3.84 0.385 0.57 4.14 61.9 0 12.6 1.3 2.61 

f0.02 f0.02 f0.03 f0 .8  i 7 2  f l . 1  i 5 . 3  iO.16 

f0.02 i 0 . 0 2  iO.03 f0.9 f73 i l . l  i 9 . 7  f0.14 

fO.02 i 0 . 0 2  f0.03 f0 .9  f76 f1.6 f 9 . 8  fO.15 

The  pair distribution function g ( r )  calculated from the fitted S ( Q )  and that 
from the experimental .5'( Q )  a re  compared in figure 4. The agreement between both 
g ( ~ ) ' s  is fairly good. The  fitted g ( r )  comprises three different atomic distributions 
(curves (a), (b )  and (c)) ,  3s shown in figure 4 curve (a)  is the intrachain atomic 
distribution, which is given by the Fourier transform of both the intradimer form 
factor PI(&) and the first term of AS(Q)in,rJ.; curve (b) is the atomic distribution 
between the correlated chains, which is given by the Fourier transform of the first 
terms of AS(Q) in l e r ;  curve ( c )  is the atomic distribution between the uncorrelated 
chains, which is given by the Fourier transform of three terms (F,(Q)[S,(Q)- 11 and 
the second terms in both AS( Q),,, and A.Y(Q)i,,,,). It is Clearly Seen that there 



94% M Misawa 

Figure 3. Fit of the struclure factor S( Q )  for liquid Figure 4 Compalison of lbe experimental pair 
tellurium at 490°C. llir dots are lhe experimental distrihulion function y(7)  (solid curve) With lhe 
S ( Q )  and Uie snlid curve is tlir fitted S(Q). The Oiled one (dotlrd curve) for liquid tellurium a1 
lower three C U N ~ S  denote S,(Q) (thin solid curve), 490 T. Curve (a) is the intrachain distribution, 
AS(Q),,,, (dotted curve) and AS(Q)io,e,  (thick ( b )  the interchain distrihulion hetween mrrelaled 
solid mwe). chains. and (c) the interchain distribulion lelween 

uncorrelated chains. nle decomposilion of curve 
(b) inlo four different atomic pain  defined in 
figure 5 is shown in the lower par1 of lhe figure. 

is considerable penetration of the first shell hy non-bonded Te atoms which originate 
both from the  correlated chains (curve (b)) and the uncorrelated chains (curve (c)) .  

The very local structure of liquid Te a t  490OC estimated from the present analysis 
is schematically drawn in figure 5. The  values of R,, 0, (I), 0 ,  and itinler listed in 
table 2 suggest that about three lk2 dimers in the different chains are correlated in 
a staggered parallel orientation around a R2 dimer of the central chain. The  mean 
chain length ( L )  calculated from (5) with the value of T L ~ ~ ~ ~  listed in table 1 is 14 R 
atomsichain. A very short chain length is estimated. The  numher of bonded Te atoms 
(n,, the area under the first peak of curve (a )  in figure 4) calculated from (4) is 1.86. 
As listed in o h l e  1, the bond length I is 2.8S6 8,. which is slightly longer than 2835 A 
for the helical chain in the crystalline state 1221, while the bond angle (e, = 103.6') 
and the dihedral angle (&  = 108") are rather similar to the coreresponding values 
of the crystalline state, i.e. Ob = 103.2' and 4d = 1o0.So [22]. 

The second broad peak of the experimental g( T )  loacted a t  - 4 8, in figure 4 is 
attributed to two different origins: the intrachain second neighbours (curve (a ) )  and 
the interchain atomic distribution between the correlated chains (curve (b)) .  Both 
are superimposed on the smooth atomic distrihution of uncorrelatcd dimers (curve 
(c)) .  The atomic distribution of curve (b)  comprises three different atomic pairs ( 1 4 ,  
2 4 ,  and 1-3 in figure 5) which a re  drawn in the lower part of figure 4. The  third 
peak of the experimental g ( r ) ,  located a t  - 6 A, is attributed to the interchain third 
neighhours. The  1 4  pair has the shortest interchain atomic separation, about 3.5 8,; 
the counterpart in the crystalline state is 3.495 8, [22]. 

There a re  some discrcpancies between the model and the experimental data in 
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Figure I Schematic drawing of the local stmcture 
in liquid tellurium at 490 T estimated from the 
shonchain model. The intrrlchain struucturc is given 
on the left, and the interchain stmcture is @v.vm on 
the right. lbo other correlated dimers exist which 
are equivalent to those labelled 3 and 4, hut are 
not Bown in the figure. Uncomlated dimers are 
not shown. The atomic distribution for each of the 
1-3, 1-4. 2-3, and 2 4  p?in Is shown in lhe lower 

Figure 6. Temperature dependence of t~~",,. (open 
circles) and 111 (solid circles). 

pan of figure 4. 

figures 3 and 4. The height of the first peak of the fitted S ( Q )  is slightly lower 
than that of the experimental S(Q). This discrepancy in Q space may be related to 
a discrepancy in r space at large r (> 8 A), where the fitted g( r )  is damped too 
fast compared with the experimental g(r), as shown in figure 4. This implies that 
an initial distribution of uncorrelated Te2 dimers in a reference liquid is too random 
and a longer range correlation may exist between the chains in liquid E. Another 
discrepancy is found in g ( r )  at about 3.2 A, where the fitted g(r) has a deeper 
dip compared with the experimental g ( r ) .  It is not clear whether this discrepancy is 
significant, or is simply due to the experimental error. 

Similar analyses have been made for liquid 72 at 670 and 800°C The local 
structure of liquid R estimated for all three temperatures seems to be essentially 
similar, since the fitted values of parameters listed in tahles 1 and 2 are similar at 
the three temperatures. One of the exceptions is the value of ninlra, which decreases 
significantly with increasing temperature (figure 6). The number of nearest neighbour 
'lk atoms in a chain n., calculated from (4) is also plotted in figure 6. The quality 
of the fits may be judged by the error of the mean square R, which is defined by 
R = [C(Sds(Q) - .Smlc(Q))z/(N - p ) ] ' / ' ,  where N is the number of data points 
and p is the number of fitting parameters. In this case N = 200 and p = 20. 
The fits to S ( Q )  are equally good at all temperatures, since the values of R for 
the three temperatures are almost the same: R = 0.O35(49O0C), 0.O36(67O0C) and 
o.o3s(soo "). 
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4. Discussion 

One of the interesting results obtained in this analysis is the  value of ninlra, which 
is considerably smaller than 2 (the value for an infinite chain) and decreases with 
increasing temperature (figure 6). The  average chain length ( L )  evaluated from (5) 
is plotted as a function of 1/T in figure 7. The  values of ( L )  reported for liquid 
Se [23] by means of NMR measurements a re  also plotted. A simple expression for the  
temperature dependence of ( L )  is 113, 241 

( L ) ( ( L )  - 1) = Aexp(AH, /RT)  (6) 

where AIf= is the enthalpy of scission of a R-Te bond in the liquid state and 
A is an entropy term. The solid lines in figure 7 are the calculated values 
from (6) with AHs,(R-Te) = 14.5 kcal (g atom)-' (0.63 eV)  for liquid 'Ik and 
A,(Se-Se) = 29 kcal (g atom)-' (1.3 eV) for liquid Se which is a typical value 
reported in (13, 231. A constant value of A = 0.012 [13] is assumed for both liquids. 

IO'/ T lK- ' I  

Figure 7. Plat of tlir mean chain lengths 
( L )  estimated for liquid lcllurium (squares) as a 
function of IIT. The wlurs of ( L )  for liquid 
~elenium (p1uw.s) 1231 are iilbo shown. The solid 
curves are calculations using (6) with A H x r e -  
Te)=14.5 and AH,(Sr-Sr)=29 kal (g atom)-' 
respectivcly. 

'0 0.2 0.4 0.6 0.6 I 
SO X 

Figure 8. Temperature and concentration depen- 
dence of the chain length slimated from (6)  and 
(7) in Sel-,-Tr, alloys. lite hatched area indicates 
tlir region where tbr mean chain length mngcs from 
20 to M (atomdchain). nie shaded area indicates 
the region where an anomalous wlume mnlraction 
is olserved [18]. llir two solid curves indicate the 
liquidus and solidus of the alloy. 

As clearly shown by curve (c) in figure 4, there is considerable penetration of the 
first coordination shell by the  non-bonded R atoms belonging to the uncorrelated 
chains, although curve (c) may be somcwhat erroneous because the tail of the 
curve extends far below the first coordination shell, which is physically unacceptable. 
Nevcrtheless, wc think that most of the penetration of curve (c) is meaningful. We 
d o  not presently have any conclusive explanation for the origin of this distribution. 
One possible explanation is the  Te atoms distributed around the atoms located a t  the 
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chain ends, which may play an important role in the thermodynamic and electronic 
properties of liquid ’k when the chain length becomes very short. Another possible 
explanation is the three-fold bonding ‘k atoms which we have ignored entirely h 
this analysis. Even though the latter explanation is correct, it is likely that the 
concentration of the three-fold bonding atoms is much smaller than that of two-fold 
bonding atoms in the temperature range studied here. 

It may he concluded that the short-chain model could explain the local structure 
in liquid le as far as the static structure is concerned. However, whether or not 
many other properties, such as the electronic, thermodynamic, and mass transporting 
properties, of liquid Te can also be explained by this model has not been examined. In 
contrast, the structural model originally proposed by Cabane and Friedel 111 took into 
account not only the structure, but also many other properties, although Cutler [25] 
raised a question concerning the electronic structure derived from their model. The 
present results seem not to contradict Cutler’s argument [2S] that the concentration 
of three-fold bonded R atoms is smaller than the concentration of dangling bonds. 

One of the properties directly related to atomic structure is density. Liquid ?e. 
and its alloys with Se exhibit an anomalous volume contraction over a somewhat 
wide temperature range, which shifts to higher temperatures with increasing Se 
contcnt [IS]. It may be interesting to examine qualitatively whether or not the 
anomalous volume contraction of liquid Se,-z-Te, alloys is interpreted hy the short- 
chain model. X-ray diffraction [26] and Miissbauer [27, 2S] studies on Se,-,-Te, 
solid alloys have suggested that the solid alloys Corm disordcred copolymers, except 
for one at the equiatomic composition which forms ordered copolymers. In order to 
make a rough estimate of the mean chain length in Se-Te liquid alloys, we simply 
assume that the liquid alloys also form disordered copolymers as do the solid alloys. 
Assuming, furthermore, that A H,,(Te-R) and A H,(Se-Se) are independent of the 
alloy concentration, we may have a crude expression for the enthalpy of scission 
AHSc(z) in Sel-:r’kz liquid alloys, 
AH,,(z) = (1 - z)*AH,(Se-Se) + 2 4 1  - 2:) AH,(Se-Te) + 1:’ AII,,(Te-Te) 

where AH,(Se-R) is t h e  enthalpy of the scission of the Se-Te bond and is assumed 
to be given by [AH,(%-Se) + AHS,(’k-Te)]/2 Cor simplicity, although there are 
some indications tha t  the Se-Tk bond is slightly stronger than the average hy about 
0.07 eV or more [27, 2Y]. From (6) and (7) we can roughly estimate the temperature 
and concentration dependence of the mean chain length ( L )  in Se,_,-Te, liquid 
alloys, The hatched area in figure 8 i., the region where the estimated value of ( L )  
ranges from 20 to 60 (atomsichain). The temperature region where the anomalous 
volume contraction was observed [18] is shown by the shaded area in figure 8. It 
is surprising that both areas are in good coincidence with each other despite the 
crudeness of the present treatmcnt. This simple consideration suggcsts that the 
anomalous volume contraction is related to the shortening of the chains. It may be 
intercsting to note that the semiconductor-metal transition occurs within a similar 
tempcrature range of the anomalous volume contraction 1301. This also suggests that 
the semiconductor-metal transition may be related to the chain shortening. 

(7) 

5. Conclusion 

The structure factors .9( Q) of liquid Te measured by pulsed neutron diffraction 
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at 490, 670 and 8oo°C were analysed using the short-chain model. The structure 
factors S(Q) and pair distribution functions g(r) could be explained by this model. 
The mean chain length estimated in this analysis is rather short: about 14, 8, and 6 
(atomdchain) at 490, 670 and SOOT, respectively. Very local intrachain and interchain 
atomic configurations were also estimated. The enthalpy of scission of a R-R 
bond was estimated to be 14.5 kcal (g atom)-’ (0.63 eV) from an analysis of the 
temperature dependence of the chain length. The simple consideration of the mean 
chain length in liquid Se-lk alloys suggests that the anomalous volume contraction 
could be interpreted as being a consequence of chain shortening. 
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