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W e st udy t he elect ronic structure of the hexagonal Dy C o5 and DyC o3 B 2

com pounds . The magnetic moments and the band structures were calcula ted
by a b i ni t i o self- consistent tight binding linear mu £n- tin orbital metho d

w ithin the atomic sphere approximation. T hese comp ounds crystalli ze in a
hexagonal structure having the P 6= m m m space group. T he substitutio n of
cobalt by boron atoms changes the local environment of remaining C o atoms
and leads to the decrease in the lo cal magnetic moments as well as in the

C urie temp erature.

PAC S numb ers: 71.20.{b , 72.15.Eb

1. I n t rod uct io n

R are earth (R ){ tra nsiti on meta l (T) interm eta l lic com pounds attra ct a great
deal of interest not only because of thei r potenti al appl icati on as permanent magnet
m ateri als but also because of the opp ortuni ti es they o˜er for extended studi es of
the magneti c properti es of the 4 f and 3 d elements.

The Dy Co5 and D yCo 3 B 2 com pounds crysta l lize in a hexagonal structure
havi ng the P 6 =mmm space group [1]. The com pounds belong to Rn + 1 Co3 n +5 B 2 n

(or R (Co 1 À x B x ) 5 ) fam i ly. The crysta l structure of these compounds wi th n = 1

(R Co4 B), n = 2 (R Co B ) , n = 3 (R Co B ) and n (R Co3 B 2 ) can be
im agined as being bui l t up by ordered substi tuti ons of B ato m s onto the Co sites
in the R Co5 - typ e structure. The uni t cells are form ed by al terna ti ve stacking
of one layer of R Co5 and n layers of RCo B . The latti ce param eters obey the
relati onshi ps a = a ; c = c + nc . The parti al repl acement of the
Co ato m s by boron in Nd(Co 1 À x B x ) 5 system causes the decrease in the Curi e
tem perature T , Co m agneti c m oment M , and e˜ecti ve intersubl atti ce exchange
intera cti ons J [2].
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On the theo reti cal side, Ma l ik et al . [3] perf orm ed spin-polarized band struc-
ture calcul ati on on YCo 5 to study i ts local m agneti c m oments at each crysta l lo-
graphi cally inequivalent sites. By consideri ng the spin{ orbi t coupl ing and orbi ta l
polari zati on e˜ects, Nordstr �om et al . [4, 5] studi ed the orbi ta l m agneti sm and m ag-
neto crysta l l ine anisotro py (MCA) of YCo 5 . Ki tagawa et al . [6] have investigated
the dependence of the m agneti c m oments of YCo 5 . It has been found tha t Co m o-
m ents decrease abruptl y at a cri ti cal consta nt. Szajek [7], based on ab ini tio l inear
m u£n- ti n orbi ta l (LMTO) band structure calcul ati ons, showed the dependence of
the m agneti c moments of Co ato ms on the local envi ronm ent in Y n +1 Co3 n +5 B 2 n .
The ato m ic mom ent was decreased stro ngly by the neighb ouri ng B ato ms.

In thi s paper, we present the ab ini tio spin-polari zed self-consistent ti ght
bi ndi ng-LMTO (TB- LMTO) [8] calcul ati ons of the electroni c structure of D yCo 5

and D yCo 3 B2 hexagonal com pounds. W e pay our attenti on on the change of the
local density of states and the local m agneti c mom ent on cobal t ato m at (3g)
positi on.

2. T he m et hod of ca lcu lat ion

The electro nic density of sta tes (D OS) and the local magneti c m oments of
D yCo 5 and DyCo 3 B 2 were calcul ated by the spin-polari zed self-consistent
TB- LMTO in the ato m ic sphere appro xi m atio n (ASA) [8] for the exp erimenta l
latti ce param eters l isted in T able. The scalar- rela ti vi sti c appro xi mati on for band
electrons and the ful ly- relati vi stic trea tm ent of the f rozen core electro ns were ap-
pl ied. The values of the ato mic sphere radi i were ta ken in such a way tha t the
sum of al l atom ic sphere volum es wa s equal to the volum e of the uni t cell . The

T ABL E

Position of atoms in the DyC o5 and
DyC o3 B 2 unit cells.

DyC o5 a = 4: 9 33 ¡A c = 3 :9 83 ¡A

x y z

Dy (1a) 0 0 0

C o (2c) 1/ 3 2/3 0

C o (3g) 1/2 0 1/2

DyC o3 B 2 a = 5 : 02 ¡A c = 3 : 02 ¡A

x y z

Dy (1a) 0 0 0

C o (3g) 1/2 0 1/2

B (2c) 1/3 1/3 0
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exchange correl ati on potenti al was assumed in form of von Barth and Hedi n [9]
and non-local correcti ons were also used [10]. In the band calculati ons the ini ti al
ato m ic conÙgura ti ons were ta ken accordi ng to the periodi c ta bl e of elements. The
self-consistent spin-polarized band calcul ati ons were perf orm ed for 270 k points in
the i rreduci ble wedge of the Bri l louin zone. In the band calcul ati ons we incl uded
the ful l hybri dizati on between s ; p; d , and f electrons of dyspro sium , cobal t,
and boron atom s. W e have also perform ed the self-consistent calcul ati ons for the
scheme proposed by Bro oks et al . [11] in whi ch the 4 f states of D y were trea ted
as open core states. In such m odel the numb er of 4 f electro ns of D y wa s Ùxed to
9 and the local ized m agneti c m om ent on dyspro sium was 5ñ B .

3 . R esul t s an d d iscu ssio n

The D yCo 5 compound is ferri magnet wi th a Curi e tem perature equal to
998 K and satura ti on m oment of 1.71 ñ B / f.u. at T = 4 : 2 K. The value of TC was
estim ated in D yCo 3B2 as T C = 22 K and the satura ti on m om ent M s = 8:3 ñ B / f.u.
at T = 4 :2 K [12]. The electri cal resistivi ty of DyCo 3B3 at low tem peratures shows
a T 2 dependence, im plying the electron{ spin wa ve scatteri ng is dominant in thi s
tem perature range. At higher temperatures (T 8 0 K), the resistivi ty is due to
s d intera cti on [12].

Exp erim ental ly, the Curi e tem perature T decreases on replacing Co ato ms
in Dy(Co 1 B ) 5 by B ato ms [3]. Thi s reducti on in T presum abl y resul ts f rom
weakened Co{ Co exchange intera cti ons due to the repl acement of Co by B at the
(2c) sites. The cobalt ' s mom ents calcul ated from the satura ti on m agneti zati on
under assumpti on tha t the rare earth is satura ted at al l boron concentra ti ons,
decrease wi th increasing boron concentra ti on. These results suggested tha t the Co
ato m ic m om ent decreased strongly due to the neighbouri ng B ato m s, whi ch m eans
tha t the valence electro ns of B ato m tra nsferred to the neighbouri ng Co d band
hole. The decrease in T and M i s also observed in Nd(Co 1 B ) 5 [2]. A decrease
in J wi th increasing Co concentra ti on is observed. Accordi ng to Bro oks et al .
[13] the 3 d 5 d hybri dizati on strongly governs the intera to m ic 3 d 5 d intera cti on.

D yCo 5 crysta l l izes in a hexagonal CaCu 5 structure. The CaCu 5 -typ e struc-
ture conta ins one D y ato m at (1a), Ùve Co ato m s at (2c) and (3g) sites. The
D yCo 3 B 2 com pound crysta l l izes in the CeCo B typ e of structure whi ch is de-
ri ved from the CaCu 5 typ e by repl acing Co ato m s at the (2c) site by boron ato m s.
The m ain structura l di ˜erence is in the local envi ronm ent of cobal t ato ms. The
num ber of the nearest neighbours for Co (3g) decreases from 8 in D yCo 5 to 4 in
D yCo B . The second e˜ect is the low distance between Co pl anes. Such structura l
e˜ect leads to the change of the local m agneti c mom ent on the cobal t ato m s.

In DyCo 5 there are two non-equivalent cobal t ato ms wi th the di ˜erent m ag-
neti c mom ents: Co at positi on (2c) has the local magneti c m oment m ( 2c) =

1:61ñ and the m agneti c mom ent at Co (3g) is lower i .e. m (3g ) = 1:50ñ . The
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di ˜erent values of the m agneti c mom ent on the Co ato ms are connected to the
vari ous local envi ronm ents of each atom . The cobal t ato m in positi on (2c) has
3 D y and 11 Co ato m s as the nearest neighbours. The Co ato m at positi on (3g)
has 4 D y and 8 Co ato m s in the Ùrst shell. These results are sim i lar as tho se
calculated on YCo 5 by Nordstr�om et al . [5], Ki ta gawa et al . [6], and by Szajek [7].
By the neutro n di ˜ra cti on measurements, magneti c m om ents of Co ato ms on 3g
and 2c sites are observed as 1 : 7 2 ñ B and 1 : 7 7 ñ B , respectivel y [14].

The local magneti c m oment of Co (3g) in D yCo 3 B 2 i s smal l , m C o (3g ) =

0:20ñ B . Such e˜ect is connected wi th the change of the local envi ronm ent of cobal t
ato m in DyCo 3 B 2 . The Co ato m at (3g) positi on has 4 D y, 4 B, and 4 Co ato ms
as the nearest neighbours. Our calcul ati ons indi cate tha t B in positi on (2c) is
non-magneti c. The m agneti c study [15], NMR m easurements [16], and theo ret-
ical calcul ati ons [7] indi cate tha t YCo 3 B2 is Paul i param agneti c. In both com -
pounds the m agneti c mom ents on cobal t ato ms are anti para l lel to the m agneti c
m oment of D y. Yamada et al . [17] has previ ously shown tha t the e˜ect of B in
rare-earth{ cobal t{ boron system can be expl ained by the m ixi ng m odel between
3 d states of Co and 2 p states of B. The im porta nce of m ixi ng between them in
Y 2 Co 1 4 B is also emphasized by Co ehoorn [18].

In Fi gs. 1 and 2 we presented the electro nic densi ty of sta tes (D OS) for
D yCo 5 and DyCo 3 B 2 com pounds. The upper plot presents the to tal D OS for
m inori t y (bro ken curve) and majorit y (sol id curve) spi n band. In both com pounds
the m inorit y 4 f peak from D y is located near E = À 3 : 9 eV whi ch is in a good
agreem ent wi th the XPS m easurements [19]. The 3 d cobal t bands are located
m ainly below the Ferm i level. Near the Ferm i energy (E = 0 ) we observe the
stro ng hybri dizati on between 4 f m ajori t y spin band of Dy and 3 d Co states. In
D yCo 3B2, contri buti on to the density of states at the Ferm i level from cobal t
ato m s is smal ler tha n in D yCo 5 . The values of the density of sta tes at the Fermi
energy are 23.1 and 20.3 (sta tes/ eV f.u.) for DyCo 5 and D yCo 3 B2 , respectively.
The spin m agneti c mom ent on D y ato m s consists of 4 f contri buti on (4.72 and
4.79ñ B ) and the spd contri buti ons ({ 0.24 and 0 : 0 5 ñ B ) in D yCo 5 and D yCo 3 B 2 ,
respect ively. The self -consi stent calcul ati ons for the case in whi ch the 4 f electrons
of D y were trea ted as open core states gave the sim i lar v alues of the local m agneti c
m oments [12]. The local magneti c mom ent on D y wa s 4.77 and 5 : 1 3 ñ B in D yCo 5

and DyCo 3 B 2 , respectively. The m ain contri buti on to the DOS at the Ferm i level
is given by the D y ato ms. In D yCo 3 B 2 the DOS at the Ferm i level for the Co
ato m at positi on (3g) is smal l f or m inori ty and m ajori t y spi n bands. The shapes of
the D OS for m inori t y and majori ty spi n bands are sim i lar and hence the Co atom
at positi on (3g) is almost param agneti c. R ecently, Ko walczyk and Jezierski [12]
have studi ed the tra nsport pro perti es of D yCo 3 B 2 com pound. The tem perature
vari ati on of the resisti vi ty was well described by the model in whi ch we used the
density of sta tes calculated for the ground state. Thi s fact indi cated tha t the D OS
di d not change dra stically wi th the increase in tem perature.
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Fig. 1. The total density of states (f or spin up and dow n) and the lo cal contributions

from Dy and C o for the DyC o5 comp ound. T he solid line show s the positions of the

Fermi energy.

The inÛuence of boron ato m s on the electroni c and m agneti c pro perti es of
R 3 Co1 1 B 4 for R = Nd and Gd, was recentl y studi ed by Jezierski et al . [20] and
Ko walczyk et al . [21]. In both system s the shape of the local density of states
wa s qui te sim ilar and the contri buti on to the density of sta tes at the Ferm i level
wa s smal l . The value of the local magneti c mom ent on a Co ato m at the (2c)
sites in Nd 3Co 11B4 (m C o (2c) = 1:75ñ B ) [20] is larger tha n tha t in D yCo 5 . On the
other hand, the magneti c mom ents on a Co ato m at the (6 i ) and (3g) sites (the
sites in R3 Co 1 1 B 4 are crysta l lographi cal ly equivalent to the (3g) site in RCo 5) are
smal ler tha n tha t at the (3g) in D yCo 5 . The value of the m agneti c m oment on
cobal t ato m at (3g) positi on increased wi th the increase in the atom ic numb er of
rare-earth ato m (m C o( 3g) = 0:03, 0.10, and 0 : 2 0 ñ B , for R = Nd, Gd, and D y,
respect ively).
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Fig. 2. The total density of states (f or spin up and dow n) and the lo cal contributions

from Dy , C o, and B for the DyC o3 B2 comp ound. The solid line show s the positions of

the Fermi energy.

4. Co n cl usion s

In thi s paper we discussed the inÛuence of the local envi ronm ent e˜ect on
the electroni c properti es of rare-earth{ cobal t interm etal lic com pounds wi th the
Ca Cu5 based structure.

The main results are summ arized as fol lows:
1) In DyCo 5 and DyCo 3 B 2 com pounds the m agneti c m oments on Co ato ms

are anti para l lel to the magneti c m om ent of D y and the values of the m agneti c
m oments on Co ato ms stro ngly depend on the local envi ronm ent and di stances
between Co pl anes.

2) In DyCo 3 B 2 the DOS at the Ferm i level for the Co ato m at positi on (3g)
is smal l for m inori t y and m ajori t y spi n bands. The shapes of the D OS for minori t y
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and majori ty spin bands are sim i lar and hence the Co ato m at positi on (3g) is
alm ost param agneti c.

3) In D yCo 5 the magneti c m oments and the shapes of local D OS on the two
crysta l lographi cal ly di ˜erent positi ons (2c) and (3g) are very sim i lar. The local
m oments of Co ato ms on the (2c) and (3g) are 1 : 6 1 ñ B and 1 :5 0 ñ B , respectively.
The density of states at the Ferm i level conta ins the contri buti on f rom 4 f states
of dyspro sium and 3 d states of cobal t ato m s.

4) The shape of the local D OS of Co at (3g) positi on is qui te sim i lar in the
sim i lar R -Co interm etall ic com pounds based on Ca Cu5 typ e structure. The local
m agneti c m oment on cobalt ato m is smal l and i t has a tendency to increase wi th
the increa se in the ato m ic numb er of rare-earth ato ms.

Ac kn owl ed gm ent s

Part of the calcul ati ons wa s perform ed in the Supercom puti ng and Netwo rk-
ing Centre at Pozna¥.
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