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Abs tract
All the physi cal pro per ties of a crys tal are re la ted to the vir tual geo me tri cal latti ce and the

real ato mic ba sis asso cia ted to it. If the geo me tri cal latti ce is fi xed (all the com pounds un der
study be longs to the same spa ce group), the physi cal pro per ties, from a com pound to ano ther,
will diffe ren tia te only by the real ato mic ba sis. i.e. the physi cal pro per ties can be com pa red as a
func tion of struc tu ral pa ra me ters as the latti ce pa ra me ter, bond length, ato mic ra dii, or si mi -
lar. In this work, we will study com pounds that crys ta lli ze in the chal copyri te struc tu re (s.g.
I42d) using as struc tu ral pa ra me ter, the ave ra ge co va lent ra dii (rc ). We will show that a good co -
rre la tion exists bet ween the unit cell vo lu me (V = a2 c ) and the iso ther mal bulk mo du lus (B0)
with rc , for AI-BIII-CVI

2 and AII-BIV-CV

2. chal copyri te com pounds.
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Co rre la ción en tre el vo lu men de la cel da uni ta ria y el
mó du lo de vo lu men con el ra dio co va len te pro me dio
para com pues tos cal co pi rí ti cos AI-BIII-CVI2 y AII-BIV-CV2

Re su men
To das las pro pie da des fí si cas de un cris tal es tán re la cio na das con la red geo mé tri ca vir -

tual y la base ató mi ca real aso cia da. Si la geo me tría de la red se fija (to dos los com pues tos bajo
es tu dio per te ne cen al mis mo gru po es pa cial), las pro pie da des fí si cas, de un com pues to a otro,
se di fe ren cia rán so la men te por la base ató mi ca real, es de cir, las pro pie da des fí si cas pue den
com pa rar se como una fun ción de los pa rá me tros es truc tu ra les, como el pa rá me tro de la red, la
lon gi tud del en la ce, ra dios ató mi cos, o si mi la res. En este tra ba jo, es tu dia re mos com pues tos
que cris ta li zan en la es truc tu ra cal co pi ri ta (gru po es pa cial I42d) usan do como pa rá me tro es -
truc tu ral, el ra dio co va len te pro me dio (rc ). De mos tra re mos que exis te una co rre la ción en tre el
vo lu men de la cel da uni ta ria (V = a2 c ) y el mó du lo iso tér mi co de vo lu men (B0) con rc , para los
com pues tos cal co pi rí ti cos AI-BIII-CVI

2 y AII-BIV-CV

2.

Pa la bras clave: Mó du lo de vo lu men; ra dio co va len te; se mi con duc to res.
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1. In tro duc tion

Zun ger et al (1) pre vious ly stu died the
de pen dency of the latti ce pa ra me ters with
the co va lent ra dii for chal copyri te ma te rials. 
This mo del, ba sed on the exis ten ce of bond
al ter na tion (RAC ¹ RBC), allows cal cu la tion of
the ba sic crys ta llo gra phic pa ra me ters, a
(the latti ce pa ra me ter) and m (the anion dis -
pla ce ment) in agre e ment with ex pe ri men tal
data, with the ex cep tion of h (the te tra go nal
dis tor tion).

Res pec ting the iso ther mal bulk mo du -
lus (B0 ) of chal copyri te ma te rials, Neu mann
(2) and Gri ma (3) have ob tai ned semi em pi ri -
cal ex pres sions for B0 as a func tion of the
unit cell vo lu me and the ave ra ge bond
length, res pec ti vely. In both ca ses, the agre -
e ment with ex pe ri men tal va lues is re la ti vely
good, if we take into account the ± 10% ex pe -
ri men tal error in ave ra ge commi tted in the
cal cu la tion of B0 from ex pe ri men tal data.

The aim of this work is to use the ave ra -
ge co va lent ra dii (rc ) as struc tu ral pa ra me -
ter, de fi ned as rc = (rA + rB + 2rC ) / 4 , whe re rA,
rB and rC are the in di vi dual ato mic co va lent
ra dius (4) and pro du ce sim ple em pi ri cal ex -
pres sions for the vo lu me of the unit cell and
the iso ther mal bulk mo du lus of chal copyri te 
com pounds with equal (or bet ter) agre e ment 
than pre vious mo dels.

2. Co rre la tion bet ween
the ave ra ge co va lent ra dii,
 rc  and the vo lu me (V=a2c)

of the unit cell

In Fi gu re 1 and 2 it is shown the ex pe -
ri men tal unit cell vo lu me, V = a2c, as a func -
tion of the ave ra ge co va lent ra dii for chal -
copyri te ma te rials AI-BIII-CVI

2 and AII-BIV-CV

2.
The ex pe ri men tal latti ce pa ra me ters, a and
c, were ob tai ned from li te ra tu re (5). As it
can be seen, V va ries in a li near form with
rc , and a li near fi tting gi ves the em pi ri cal
equa tions:

V [Å
3
] = (798 ± 22) * rc [Å] - (591 ± 27)

             (for A
I
-B

III
-C

VI
2) [1]

V [Å
3
] = (722 ± 41) * rc [Å] - (513 ± 51)

     (for A
II
-B

IV
-C

V
2)  [2]

The fits are very good with a stan dard
de via tion of 7.9 and R- squa re (COD) of
0.993 for AI-BIII-CVI

2 and a stan dard de via tion 
of 10.4 and R- squa re (COD) of 0.981 for
AII-BIV-CV

2.

The se re la tions are very im por tant for in -
de xing pur po se of x- ray diffrac tion pat terns
when the quan tity of avai la ble peaks (or li nes)
are not enough. It re du ces con si de ra ble the
com pu ting time and allows a more pre ci se va -
lues for the te tra go nal dis tor tion, c/a.

3. Co rre la tion bet ween ave ra ge
co va lent ra dii rc  and the

iso ther mal bulk mo du lus, B0

In Fi gu re 3 it is shown the ex pe ri men tal
bulk mo du lus B0 as a func tion of rc . In this
case, ex pe ri men tal va lues of B0, for the same
com pound, have a re le vant dis per sion and
are so me ti mes con tra dic to ries accor ding to
the ac cep ted beha vior that B0(ABS2) < B0 (AB Se2) <
B0 (AB Te2). Any way, we in clu de all the ex pe ri -
men tal va lues avai la ble (un for tu na tely, the
data for AII-BIV-CV

2 com pounds are very scar -
ce) be cau se al though some bad point could
de via te the fi tting it is im por tant to see as a
who le the en ti re avai la ble ex pe ri men tal data.

It would be im pul si ve a li near fit over
the ex pe ri men tal points but this is physi ca -
lly wrong. The va ria tions of the bulk mo du -
lus with in te ra to mic dis tan ce (or bond
length), for co va lent ma te rials, fo llow a
power law of the type B0= mr-n (6-8). The so lid 
li nes in Fi gu re 3 fits ex pe ri men tal va lues for
chal copyri te ma te rials whe reas the bro ken
li nes is a fit using avai la ble date (ex pe ri men -
tal and ab- i ni tio cal cu la tions) for co va lent
ma te rials (9). The fi tted cur ve for chal copyri -
te ma te rials (so lid li nes) seems to be shif ted
down from the more uni ver sal (bro ken li nes)
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gi ven by Gri ma et al. It could be ex plai ned if
we take into account the or der ® di sor der
pha se tran si tion that occurs in chal copyri te

ma te rials when tem pe ra tu re or pressu re is
applied. This “slow near se cond – or der”
tran si tion “soft” gra dua lly the fre quency of
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Figure 1. Ex pe ri men tal unit cell vo lu me, V = a2c as a func tion of the ave ra ge co va lent ra dii for AI-BIII-CVI

2

chal copyri te ma te rials.

Figure 2. Experimental unit cell volume, V = a2c as a function of the average covalent radii for AII-BIV-CV

2

chalcopyrite materials.



the pho non G1, in such a way that pre tran si -
tio nal (PT) effects are ob ser ved at pressu re
or tem pe ra tu re very much lower than the
pressu re or tem pe ra tu re tran si tions cri ti cal
va lues (Tc, pc). In the equa tion of sta te this PT 
effect is ob ser ved as a sub- li nea rity of the
first de ri va ti ve of B0 (B´= dB0/dP), which, ge -
ne ra lly, is ta ken as a cons tant near to 4 (10).
Ex pe ri men ta lly, it had been ob ser ved by in-
 si tu energy dis per sion diffrac tion mea su re -
ments un der pressu re and tem pe ra tu re, on
HgTe samp le (11- 12) which exhi bits a tran -
si tion un der pressu re at 1,5 GPa, that PT
effects can be ob ser ved (and mea su red) even 
be fo re the pressu re be gins to be applied i.e.
at P0 GPa. The effect on the va ria tion of B0

with P is “to bent” the de pen dency as it is
shown for HgTe (11). The ex pe ri men tal va -
lues are lower than the hypo the ti cal va lues if 
the or der ® di sor der pha se tran si tion is omi -
tted.

4. Con clu sions

We ob tain very sim ple re la tions for the
unit cell vo lu me as a func tion of the ave ra ge
co va lent ra dii for AI-BIII-CVI

2 and AII-BIV-CV

2

chal copyri te ma te rials in such a way that no
ex pe ri men tal knowledge a priory is ne ces -
sary to give the unit vo lu me with a pre ci sion
of »2 for both fa mi lies of ma te rials.

We suggests than chal copyri te ma te -
rials have an ana lo gous PT beha vior as ob -
ser ved pre vious ly for HgTe and that the ob -
ser ved ex pe ri men tal va lues for B0 are shif ted 
down be cau se of the PT effects of di sor der.
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