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LETTER TO THE EDITOR 

The first sharp diffraction peak in glasses and in other 
amorphous substances 

E A Chechetkina 
Institute of General and Inorganic Chemisy. Leninsky Prospekt 31, Moscow 117907. Russia 

Received 26 July 1993 

Abstract. It is shown tha¶ there exists a numerical relalionship between the pasition of the 6rsl 
sharp diffraction peak. Q j .  and the fin1 intemiomic distance. n. which obeys a simple equalion 
d = or ]  .t h where d = ZnlQl is Ihe equivalent dislance and the cwfficients (a. b) specify 
the p u p  of amorphous subsmces-@asses. amorphous m e a  and semiconductors. lrquids of 
a definite nalure. The scale of medium-range order = djri  is introduced and it is pmposed 
that the S i !  plot could be used for classification of amorphous suuctures. 

The first sharp diffraction peak (FSDP) is an intriguing feature in the diffraction patterns 
of glasses and other amorphous substances, and is intensively discussed in contemporary 
literature (see, for example, LI.21). It is described as ‘sharp’ because of a relatively small 
halfwidth corresponding to the 20-40 8, region of structural correlations associated with 
medium-range order (MRO). The MRO dimension may be evaluated also from the FSDP 
position (Ql  N 1.0 A-’ for chalcogenide glasses, and 1.5 A-’ for oxide glasses etc) 
using the equivalent distance 

(which takes the values 2: 6 8, and = 4 A, respectively). However, one should keep in mind 
that d is a ‘conditional’ value which has the sense of a real distance only in the framework 
of the layer model of the FSDP ([3] etc), which can hardly be taken as comect without 
additional physics[ arguments for glasses of the non-layered type (e.g. SiOz) or liquids. 

In the past decade a few attempts have been made to connect Ql with the position of 
the first peak in the radial distribution function, rl.  First, Wright et al [4] demonstrated 
a remarkable similarity of four glasses when using the coordinates S ( Q )  versus e r , ,  the 
FSDP being located at 

Qlrl 2: 2.5. 

Moss and Price [SI, expanding the range of glasses (G) and introducing amorphous metals 
(A) into their consideration, have obtained 

Qlrl e2.14-3.10 for G 

Qjrl = 4.3-5.3 for A. 

(3) 

(4) 
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Strictly speaking, they used the term ‘pre-peak’ for amorphous metals instead of FSDP for 
glasses; however, this difference, reflecting only the intensity and halfwidth of the peak, 
is relative. For example, in samples from one glass-forming system Se,P,-,, the strong 
and sharp first peak existing at x = 0.5 becomes a weak and wide one for x > 0.85 and 
almost disappears in pure Se ( x  = 1) [61: however, the ‘SDP’ observed in its evolution 
with changing chemical composition remains the same. On the other hand, the very weak 
‘pre-peak’ in the amorphous metals NiITil-x becomes the strongest peak in the diffraction 
pattem when using neutron diffraction instead of x-ray diffraction [7]. 

Later Price et a/ 181 investigated a correlation between Qld ,  (dr is the mean interatomic 
spacing obtained from the density data) and QIr,;  however, this is actually the d, versus 
rI correlation. Finally, Elliott [I], in an analysis based on the model of cation-centred sofi 
clusters, has applied Bleuy’s expression for tetravalent monatomic materials (a-Si etc) 

Qi = 3 ~ / 2 D  (5)  

(where D is the atomhoid diameter) to tetrahedral AX? glasses (Si02 etc), with D = r(A-A) 
considered as the nearest-neighbour cation-cation separation. Since r(A-A) 2: 2rl (e.g. in 
the Si-0-Si fragment), one obtains Ql rr 3ir/4rl Y 2.36/rl or 

Qtrl rr 2.4. 

This result is very similar to the initial empirical evaluation by Wright et a/ [4]-see 
equation (2). However, note that the glasses analysed in [4] were SiOz, GeS2, Bz03 and 
 ASS,.^^. the latter two not being tetrahedral, and therefore this agreement is ambiguous. 

All the above Ql versus rl dependences may be represented as 

d =or1 (7) 

or in the form of the dotted lines in figure 1. To be more specific I have expanded the 
range of substances considered and most importantly, distinguished the pointshbstances 
in the d-rl plot in accordance with their belonging to the following groups: g1asses-G; 
amorphous metals and semiconductors-A; liquid halogens-H; liquid and APb and ASn-P 
and S, respectively. It is seen from figure 1 that similar points tend to group around specific 
lines 

d =or ,  + b  (8) 

differing in the coefficients a, b. Interestingly, in such a representation the chemical formula 
and the dimensionality of, say, glass are of no importance. On the other hand, while only 
one correlation line is revealed for each of the groups A, H. s, P, there are two correlation 
lines for glasses, 0 and G’, along with a transition between them at rl Y 2.3 A. 

Since d may be related to the dimension of medium-range order (mo), and rl with 
that of short-range order (SRG), the correlation lines in figure 1 can be converted into the 
scaled form shown in figure 2. where the scale of MRO is 

g = djrl  = 2 x / Q , r 1  (9) 

which may be calculated with the use of (8): 

= a +  blrj .  (10) 
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F b r e  1. The equivalent dislanm for the FSDP, 
d = Zn/QI,  versus the first interatomic distance. for 
(A) oxide glasses (8103. SiO2. -02 ) .  (0) halide 
glasses (6eF2,ZnCh). (V) chalcogenide glasses (GeSz, 
AszS~. Pq$ew, Si3zSsx.GeSe2. AszSel, Si24Te76). (0) 
elementary glasses (P, As). (e) amorphous metals and 
semiconduclors (CogoPm. Ge, Si, NwTim, Ni35Zr65, 
AlmFeCes). (S) liquid halogens (F2. Clz. BIZ. 11) .  (V 
md A) liquid ASn and APb. respectively. where A = Cs. 
Rb, K, Na Substances in the groups are arranged in 
orderofincreasingr~. The Q1-andrtdalaarefrom [91 
(Si). U01 (AlwFesCes). [Il l  (H group). (81 (S group) 
and [51 (all others). 

Figure 2. The scaleof the MRO (IO) in different families 
of amorphous shw~ures (annotation as for figure I). 
Caefficienh n and b in (10) m m p o n d  lo lhe lines 
in figure I ,  ta!4ng values for G. G'. H, A, s, P of, 
respectively, o = 1.10,0.0.94. 3.62, -18.1, -15.2 and 
b(A)=Z27,6.1,t.78,-5.89.60.1,54.7. 

Note that the case Qlrl N constant (equations (2), (6)) comesponds to e = constant 
(equation (9)), which is incorrect even within a given group of amorphous substances-see 
figure 2. Other equations, (3) and (4), are somewhat better, since they actually establish 
limits for 6 in two groups (glasses and amorphous metals)-see figure 1, where each dotted 
line corresponds to a definite 6. However, only in the present work are the specific 
dependences obtained. 

< 1 is not shown in figure 2, because it corresponds to the absence of 
MRO. Theoretically when only SRO is present one obtains 6 = 0.8-0.9 (p 849 in [12]) and 
just such values are realized in liquid elementarj metals (one may use tabulated data on Q 1 

and rl from [ 131 to test this statement). Thus, in amorphous structures having SRO only, the 
first peak in the diffraction pattem is nof the FSDP either in sense (MRO is absent) or in value 
(6 c 1). For example, in liquid Si the first peak corresponds to 5 = 0.92 ( Q I  = 2.72 A-' 
and rl = 2.50 A after [13]). while in amorphous Si the appearance of a new peak is at Ql 
= 1.95 A-' 191, and so e = 1.3 points to the appearance of MRO in the solid state, and only 
this peak is an FSDP. On the other hand, in substances demonstrating an FSDP the scale of 
the MRO is not higher than 3, the largest [-values being achieved in glasses (figure 2). 

Particular curves in figure 2 appear to rotate around a centre 2, leaving free a forbidden 
zone around the axis or rotation. The question is of whether this zone is really forbidden or 
whether there is a special group(s) of amorphous substances occupying it. Correspondingly. 
are the spaces between the lines/curves in figures I ,  2 free from substances of other groups 
and/or of the same group that have not been analysed here? 

The region 
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Since rl is simply the strongest bond length, a second question arises: what are the 
bonding/stmcture features in different groups of amorphous substances that are hidden 
behind the particular d(r1) and t(r1) relations? The existence of a general equation (8). 
Satisfying all the groups, points to a general origin of the FSDP irrespective of the mode 
of chemical bonding, structure motif, formula and amorphization (glass formation) ability. 
Discovery of this origin seems to be'an important prerequisite for achieving an understanding 
of the nature of the amorphous state. 

This work was supported, in part, by a Soros Foundation Grant awarded by the American 
Physical Society. 
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