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The high ferromagnetic ordering temperature of the dilute, rare-earth-bearing, intermetallic com-
pound GdFesZnao has been understood as being the consequence of the Gd** moment being embed-
ded in a nearly ferromagnetic Fermi liquid. To test this understanding in detail, single crystals of
the pseudo ternary series GdFea(AlcZni—x),, (z < 0.122) and YFez(AliZni—x),, (z < 0.121) were
grown out of Zn-rich solution. Magnetization, heat capacity and resistivity measurements show
that, with Al doping, the ferromagnetic phase transition temperatures of the GdFes(AlcZni )y,
compounds decrease from 86 K (x = 0) to 10 K (x = 0.122); for the non-magnetic analogue, the
YFea(AlZni ), series, the Stoner enhancement factor, Z, decreases from 0.88 (z = 0) to 0.35 («
= 0.121) in a similar manner. TB-LMTO-ASA band structure calculations are used to rationalize
this trend. These results, together with the earlier studies of the R(Fe1—Cox),Znzo (R = Gd and
Y) series, clearly highlight the importance of band filling and the applicability of even a simple,
rigid band model, to these compounds.

PACS numbers: 75.10.Lp, 75.50.Cc, 75.20.Hr, 75.30.-m

I. INTRODUCTION

The study of the strongly correlated electron system has been one of the primary research focuses in the condensed
matter physics for decades. Of specific interest, intermetallic compounds in the vicinity of Stoner limit! exhibit exotic
magnetic properties, such as nearly or weakly ferromagnetic Fermi liquid behavior, due to their strongly correlated
d electrons. Particular attention has been paid to those systems containing both 4f local moments and highly
correlated conduction electrons due to the rich phases result from the interactions between 4 f and d electrons; among
such materials, the RFeaZnog compounds, which belong to the large RT2Znog (R=Rare Earth elements, Y and U;
T=Fe, Co, Ni, Ru, Rh, Os, Ir and Pt) series?> 7, provide an ideal experimental platform, not only because they show
various magnetic properties but also because they can be easily substituted on a number of unique crystallographic
sites®*810 RTyZnyg crystallizes in Fd3m space group, the nearest and next nearest neighbors of R and T atoms
are all Zn. The R and T ions occupy their own unique crystallographic sites, 8a and 16d respectively. Zn occupies
three different crystallographic sites, 96g (Znl site), 48 f (Zn2 site) and 16¢ (Zn3 site). The RFesZngg series manifests
many interesting magnetic properties : YbFesZngg, together with the other five YbT3Zngy (T=Ru, Os, Co, Rh
and Ir) compounds, shows heavy fermion behavior®!!16; YFeyZnog and LuFeyZnyg are nearly ferromagnetic Fermi
liquids (NFFL)3819 RFeyZnsg (R=Nd, Sm, Gd-Lu) compounds undergo ferromagnetic phase transitions and have
different degrees of sensitivity on the structural disorder'®!'?. Doping studies have been performed on GdFe;Znag
since it has an abnormally high T¢, at 86 K, for a compound with less than 5% atomic Gd inside the lattice®: by
substituting Co for Fe, it was found Y(Fel,xCox)Qano can be tuned from a NFFL, YFesZnog, to a non-correlated,
paramagnetic, YCo2Znyy and Gd(Fe;_«Cox),Zny can be tuned from ferromagnetic GdFesZnyy with T about 86 K
to antiferromagnetic GdCosZnsg with T about 5.7 K in a similar fasion®. This study revealed that the high T¢ in
GdFeyZngg, or in other word, the strong RKKY interaction, is a consequence of embedding the large Gd*t moment
into the highly polarizable YFesZnoy matrix which contributes large density of conduction electrons at the Fermi level.
However, in this study, the transition metal sites were directly perturbed by the substitution. Here, we report another
way to tune the system without directly substituting the transition metal site. Single crystals of GdFey (Al Zni_y),,
(x <0.122) and YFe(AlZn;_y),, (z < 0.121) were grown and characterized by magnetization, resistivity and heat
capacity measurements. We found a close relation between the decrease of T in the GdFes (AlXan,X)QO series and
the reduction of Stoner enhancement factor in YFes (Al Zn;_y),, series. The density of states of YFey (Al Zni_y),,
(x <0.121) was calculated by the TB-LMTO-ASA method and used to further understand this trend. These results,
together with the earlier studies of Gd(Fe;_xCoy),Zngo and Y (Fe;_«Coy),Znyg clearly indicate the importance of even
a simple band filling and the applicability of rigid band approximation to these chemically complicated compounds.
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II. EXPERIMENTAL METHODS

Single crystals of GdFes (Al Zn;_y),y, and YFez(AlcZni )y, were grown out of high temperature, pseudo ternary,
solutions rich in Zn®'®. Gd or Y pieces, Fe pieces, Al shot and Zn shot were mixed together according to the ratio
R:Fe: Al: Zn=2:4: 94z : 94(1 — z). Each mixture was loaded into a 2 ml alumina crucible and placed into a
quartz tube, then an appropriate amount of quartz wool was added on top of the alumina crucible, and the quartz
tube was sealed under an 1/3, partial atmosphere, of Ar gas. The sealed quartz tube was heated up to 1000°C over
3 hours and held at 1000°C for another 3 hours. The growth was then cooled to 600°C over 85 hours. The excess
liquid was decanted off the crystals at 600°C by a centrifuge. All compounds have been synthesized using the same
procedure to minimize the possible variations in the structure disorder. 0.5% HCI acid was used to remove residual
flux and oxide slag from the crystal surfaces. As z increased, more nucleation sites were formed and the sample size
became smaller. The dimensions decreased from 7 x 7 x 7 mm? (z = 0) to 2 x 2 x 0.5 mm? (z = 0.122).

Elemental analysis of all the samples was performed using wavelength dispersive X-ray spectroscopy (WDS) in the
electron probe microanalyzer of a JEOL JXA-8200 electron-microprobe. The average z values, measured at several
locations of the sample, xwpg, will be used to identify all the compounds rather than the nominal concentration,
Tnominal -

Room temperature powder X-ray diffraction measurements, with a Si standard, were performed using a Huber 670
Guinier camera equipped with an area detector with Cu K, (A ~ 1.5406 A) radiation. Diffraction patterns were taken
on ground single crystals from each batch. No detectable impurities were found in these compounds. The unit cell
parameters were refined by ”UnitCell” software'®. Error bars were taken as twice the standard deviation, o, which
was obtained from the refinements by the ”UnitCell” software.

Single crystal X-ray diffraction measurements were performed on the GdFey(AlZn;_y),, (#=0.017) compound
using a STOE image plate diffractometer with Mo K, radiation (A ~ 0.7093 A). The data were adjusted for Lorentz
and polarization effects, and a numerical absorption correction was performed. The structural solutions were refined
by full-matrix least-squares refinement using the Bruker SHELXTL 6.1 software package. The atomic disorder in the
crystals was checked by refining site occupancies.

DC magnetization, M (H) and M(T), along the [111] direction for all compounds, were measured in a Quantum
Design (QD) Magnetic Properties Measurement System (MPMS) superconducting quantum interface device (SQUID)
magnetometer. M (H) measurements were carried out from 0 kOe to 55 kOe at 1.85 K and 300 K for each sample.
The slight nonlinearity of M (H) curves around 3 kOe at 300 K for YFes(AlZn;_y),, samples indicates the low level
of ferromagnetic impurities; for YFes (Al Zn;_y),, compounds, M (T") measurements were carried out at 10 kOe and
50 kOe from 1.85 K to 350 K. Susceptibilities were calculated as AM/AH = (M (50 kOe)-M (10 kOe))/40 kOe to
eliminate the effect of these ferromagnetic impurity in these samples. For GdFez(AlcZni_y),, compounds, due to
significantly higher susceptibility, no contribution from ferromagnetic impurities can be detected. Since high fields
can shift and broaden the feature of ferromagnetism, M (T') measurements were carried out at 1 kOe from 1.85 K to
350 K; susceptibilities were calculated as x = M(T)/H.
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FIG. 1: Room temperature M (H), the arrow draws attention of the slight nonlinearity of the M (H) curve at room temperature.

AC transport measurements were performed using the standard four-probe technique in zero field with a Linear
Research LR-700 AC resistance bridge (f=16 Hz, 1=1-3 mA) in the QD MPMS system. Samples were cut and polished
into bars with ~ 1.7 mm lengths and ~ 0.3 mm x 0.3 mm cross section. Four thin platinum wires were attached to
the bars with Epo-tek H20E silver epoxy. The current was along the [110] direction.



Temperature dependent heat capacities were measured in a QD Physical Properties Measurement System (PPMS)
using the relaxation technique in zero field for representative samples.

The band structure calculations were performed using a tight binding linear muffin-tin orbital method with atomic
sphere approximation®®?! using the STUTTGART TB-LMTO program. The experimental lattice parameters and
atomic positions were used in the calculations.

IIT. EXPERIMENTAL RESULTS AND DISCUSSION

WDS measurements were performed on carefully polished (111) surfaces. To exclude the possibility that there is
concentration variation along the [111] direction, one sample with nominal concentration 0.02 was picked and the
(100) surface was polished. A line scan was made along this surface. All the WDS measurements are summarized in
Table I. The line scan result is labelled by ”*”. N is the number of spots we measured; Z,omina i the nominal Al
concentration we put in the growth; xy pg is the average of WDS measured values for each sample; The error bar
is taken as 2 times the standard deviation 0. We can see the ratio of xywpg over T,ominas 1S approximately 2.4 for
both series. For the batch with ,0mina1=0.02 in GdFes(Al,Zn;_),, series, the piece with (111) surface measured
gives zw ps as 0.049 and 20 as 0.01, and the other piece with (100) surface measured gives the same zw pg and 20
values. This suggests the samples are homogeneous and there is little concentration variation along any direction and
the error bar more likely comes from the machine error rather than the intrinsic sample concentration variation. In
the following, the measured, zyw pg, rather than nominal z-values will be used.

GdFea(AlZni ),
N 10 9 9 34 183* 9 9
Tnominal 0.0025 0.0050 0.0075 0.02 0.02 0.03 0.05
zwps  0.005 0.010 0.017 0.049 0.049 0.067 0.122

20 0.001 0.001 0.001 0.001 0.001 0.001 0.002
YFGQ(AL{ZIM?X)QO
N 5 5 5 5 5 5

Tnominal 0.0025 0.0050 0.0075 0.01 0.02 0.05
zwps 0.006 0.009 0.017 0.021 0.047 0.121
20 0.000 0.001 0.001 0.001 0.001 0.002

TABLE I: The WDS data for GdFez (Al Zn; «),, and YFez(AlLZn; «),,. N is the number of locations measured in one batch,
Tnominal 1S the nominal concentration, xwps is the average x value measured in one batch, 20 is two times the standard
deviation of the N values measured. * : This measurement is a line scan along the (100) surface.

A single crystal X-ray diffraction measurement was made on the zypg = 0.017 Al doped GdFe;Znyy batch and
is summarized in Table II. The site refinement has been performed on the single crystal X-ray data. It reveals that
Zn2 (48f) site is the only electron deficient crystallographic site, i.e. 96g and 16¢ are fully occupied. This result in
combination with evidence of WDS reveals that the lighter aluminum is in the crystal and can only be sitting on
this specific site. Our experimental data refines very well assuming mixed occupancy of Al and Zn on 48f, giving the
agreement factor Ry = 0.059. In zwps = 0.017 Al doped GdFeyZnsg sample, Al appears to selectively occupy the
Zn2 site with around 5% of Zn2 sites being substituted, which leads to Al/(Al4+Zn)=0.015 and is consistent with the
WDS measured value within the uncertainties of the two measurements.

rxwps = 0.017 R1=0.059
Atom  Site x y zZ Occupancy
Gd 8a 0.125 0.125 0.125 1

Fe 16d 0.5 0.5 0.5 1

Znl 96¢ 0.0588(1) 0.0588(1) 0.3265(1) 1
Zn2/Al 48f 0.4890(2) 0.125 0.125 0.95(2)/0.05(2)
Zn3 16¢ 0 0 0 1

TABLE II: Atomic coordinates and refined site occupancies from single crystal X-ray measurements for xwps = 0.017 Al
doped GdFezZnzo compounds. Agreement factor R1=X||F,| — |F.||/X|F,|.
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FIG. 2: Normalized lattice parameters measured at ~ 300 K. For GdFez(Alenlfx)ZO series, ag = 14.120 A.  For
YFea (Al Zn ), series, ap = 14.097 A. Inset: Twps VS. Tnominal.

Figure 2 shows the evolution of the lattice parameter with z for the GdFes(AlcZni_y),, and YFes (Al Zn;_y),,
series. We can see that a decreases monotonically with Al doping, which is consistent with Vegard’s law and the
fact that the Al has a smaller ionic radius than the Zn ion. The inset shows the measured z-value vs. nominal
x-value, in the doping range we studied, similar ,omina resulted in similar zw pg in both GdFes(AlcZn;_y),, and
YFey(AlZn; _y),, series and the ratio of 2w ps/Tnominal ~ 2.4.

Figure 3 (a) shows the temperature dependent susceptibility, from 1.85 K to 120 K, in an external field H = 1 kOe
along the [111] direction for GdFey(AlZn;_y),,. From the right to the left, x is equal to 0, 0.005, 0.010, 0.017, 0.049,
0.067 and 0.122 respectively. Fig. 3 (a) shows remarkable similarity with that of the Gd(Fe,_, Co,)2Znyg series®.
Although we can not directly infer a precise value for the ordering temperature, T, from M (T') plots, it still can be
seen that the GdFe, (AlXan_X)QO (x < 0.122) shows typical ferromagnetic ordering behavior and T, decreases with
increasing Al doping. Figure 3 (b) presents the M vs. H data taken at 1.85 K with H parallel to the [111] direction,
which rapidly saturate close to, but below 7up/Gd as the magnetic field increases, consistent with the ferromagnetic
ordering in these compounds. Figure 3 (c) shows the H/M data from 1.85 K to 350 K with applied field 1 kOe along
[111] direction for GdFey (Al Zn;_y)y,. All of these compounds show Curie-Weiss behavior, 1/x = (T'—6.)/C, where
0. is the Curie-Weiss temperature and C' is Curie constant, at high temperature. For x = 0, between 200 K and 350
K, the fitting results in a pcsy as 8 pp/Gd, which is very close to the theoretical value, 7.94 pp/Gd. However, there
is some evident deviation from Curie-Weiss law below 200 K. For x = 0, this feature is most obvious and it can still be
seen clearly in z = 0.005 compound, but can only be barely observed in z = 0.010 compound and finally disappears in
the > 0.017 compounds. In the Gd(Fe; ,Co,)2Znyg series, this derivation disappears at the o = 0.12 doping level®.
Therefore, for 0.010 > = > 0, the fitting was performed from 350 K to 200 K. For all the other concentrations, the
fitting was performed from 350 K to the lowest temperature which shows linear behavior in Fig. 3 (c). These pcysy
and 6. are summarized in Table III. All extracted values of p.fs are close to the theoretical value, varying between 7.6
up/Gd to 8 up/Gd. The fact that all 6, values are positive indicates that ferromagnetic interactions are dominant.

To obtain the T values from magnetization measurements, we consider the Arrot-Noakes?? equation (H/M)Y/7 =
(M/M)YP 4 (T —T¢)/Te, where M is a compound related constant. In mean field theory, y=1, 3=0.5 , therefore
H/M is equal to (M/M;)? when T = T¢; in non-MFT, y=4/3, 3=0.4%2, therefore (H/M)>/* is equal to (M /M;)*®
when T = T¢. Within this model, an Arrot plot can be used to infer the ferromagnetic ordering temperature from
the magnetization data by noting the temperature at which the low field data passes through the origin. In order
to reduce the uncertainty caused by demagnetization effects, the samples were cut into thin rods whose long axis is
along the [111] direction and H was applied along this direction. Figure 4 shows Arrot plots for = 0.005, 0.010,
0.017, 0.049, 0.067 and 0.122. The Arrot plot for pure GdFe;Znyg can be found in reference®. T values obtained
from Arrot plots are summarized in Table ITI. For x = 0.005, 0.010 and 0.017, y=1, 5=0.5 were used. The plots show
linear isotherms, and the estimated T¢ is 63.5 K for x = 0.005, 50.5 K for z = 0.010 and 37.5 K for x = 0.017. For
x > 0.049, the Arrot plot with y=1, 3=0.5 are no longer perfectly linear, which was also observed in the GdOs,Znag”,



40

H || [111], H=1k Oe T=1.85K H || [111

X (emu/mole)

(a) T (K) (b) H (k Oe)

GdFe (Al Zn, )

20

H=1kOe, H || [111]

Ux (mole/emu)

300

FIG. 3: (a) Temperature-dependent magnetic susceptibility data for GdFez(AlcZn;_«),, taken at 1 kOe with H along [111]
direction. (b) Field-dependent magnetization data for GdFea(AlcZni )y, taken at 1.85 K with H along [111] direction. (c)
Temperature-dependent H /M data for GdFez(AlZni—x),,.

therefore, the non-MFT y=4/3, $=0.4 is employed for = > 0.049. We can estimate the T¢ is 22 K for = = 0.049, 20.5
K for x = 0.067 and 9.5 K for x = 0.122.

For the GdFes (Al Zn;_y),, series, the resistivity at 1.85 K ranges from 9 x€2 cm for x = 0 to 50 p£2 cm for z = 0.122.
RRR decreases from 9 for = 0 to 2 for = 0.122. The temperature dependent resistivity of GdFes(Alg.01Zn9.99)s,
is plotted in the inset of Fig. 5 as an example. The resistivity decreases as the temperature decreases and manifests
a kink which is caused by the loss of spin disorder scattering. The derivative of the resistivity is used to infer T and
presented in Fig. 5. Each subsequent data set is shifted downward by 1 x 10772 cm/K for clarity and the criterion
used to infer T is shown. The inferred T from resistivity data is also summarized in Table III. It can be clearly
seen that with Al doping, T¢ is suppressed monotonically.

Temperature dependent specific heat data for the GdFes (Al Zn_),, series are presented in Fig. 6 (a). For samples
with =0, 0.005, 0.010 and 0.017, C}, shows a broad peak near the ferromagnetic phase transition temperature, but
for samples with x = 0.049, 0.067 and 0.122, as shown in the inset of Fig. 6 (a), this feature sharpens. Since
Cp = Ce + Cpp, + Cpr, where C. is the conduction electron contribution, Cpy, is the phonon contribution, and C)y is
the local moment contribution, Cj; = C, — (Cpp, +Ce), where, for < 0.017, the term in brackets can be approximated
by the C), data for LuFesZnyg since it has a similar molar mass to GdFesZnsy; for larger « (x > 0.049), the term is
better approximated by the heat capacity of YFeyZnsg. Even with this consideration, a nonrealistic, negative Cjps
still exists at high temperatures for x = 0.122 sample. The C}; data extracted from this analysis are shown in Fig.
6 (b) where the arrows indicate the positions of T inferred from Arrot plot. We clearly see that the magnetic phase
transition shows a broad feature in C'; for 0.017 > x > 0: a subtle low temperature maximum followed by a sharp
high temperature shoulder. As z increases, the maximum becomes clearer and obviously separates from the sharp
high temperature shoulder. These features can be best seen in z = 0.017 sample, whose C); contains a clear local
maximum around 32 K and a sharp higher temperature shoulder around 37 K, a value which is more consistent with
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FIG. 4: Isotherms of M? vs. H/M for GdFe; (Alenl,x)20 series. The temperature each measurement taken at is labelled.

the Te = 37.5 K inferred from resistivity and magnetization for x = 0.017. Thus for 0.017 > = > 0 samples the
temperature of the high temperature shoulder (shown as intersection of lines in Fig. 6 (b)) are inferred from the C)y
data by taking the temperature of the sharp local maximum. A similarly broad feature in Cj; was also observed
for the GdxY1_xFey,Zngy (1 > = > 0.02) series®. For higher doping levels, 0.122 > x > 0.049, the magnetic phase
transition manifests itself as a sharp peak with T right at the position of the maxima of the peak. These T values
determined from heat capacity data are also presented in table III.

GdFez (AIXZH17X)2O

x 0 0.005 0.010 0.017 0.049 0.067 0.122
pesr(us) 8 78 77 76 78 78 17
0.(K) 51 52 46 43 25 23 3

Te(mag)[K]* 88° 63.5 50.5 37.5 22 205 9.5
Te(p)[K]® 83 63 49 375 215 20 9
Te(Cu)[K]S 83 63 50 37 22 205 95

TABLE III: The summarized pesr, 6. and Tc data from magnetization, heat capacity and resistivity measurements for
GdFeQ(AIXZm,X)%. Tc inferred from Arrot plot for x = 0 is from reference®. a: Te inferred from Arrot plot. b: T¢
inferred from dp/dT. c¢: Tc inferred from C)p (see text).

Table III summarizes the thermodynamic and transport measurements, all values of T are consistent with each
other, generally giving critical temperatures within £ 1 K of each other. We can see that for GdFe, (AlXan,X)QO
series, the ferromagnetic phase transition temperature is suppressed monotonically with Al doping: the transition
temperature quickly decreases to 37 K with only 1.7% Al doping, and then more slowly reduces to 22 K with 4.9%
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Al doping, and 10 K with 12.2% Al doping. To better understand the systematic changes in Al doped GdFeyZny,



the non-magnetic, isostructural, Al doped YFe;Znog series was grown and characterized.
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FIG. 7: (a)Temperature dependent AM/AH for YFey(AliZni—y),, with H parallel to [111] direction. (b) Cp/T vs. T for
YFez(AlZny ), series.

Figure 7 (a) shows temperature dependent AM/AH of YFey(AlcZn;_y),, compounds taken from 2 K to 300 K
with magnetic field along [111] direction. Pure YFesZngg is a nearly ferromagnetic Fermi liquid (NFFL)3. The
susceptibility increases with decreasing temperature, manifesting enhanced paramagnetism behavior, AM (2K)/AH
is around 5.8 x 1073 emu/mole. With Al doping, the susceptibility is reduced monotonically. At 0.6% and 0.9% Al
doping, the susceptibility is still highly temperature dependent with AM (2K)/AH around 3.2 x 1072 emu/mole and
2 x 1073 emu/mole respectively while at higher Al doping levels, the susceptibility is roughly temperature independent.
Figure 7 (b) presents C,/T vs. T? data for members of the YFey(AlZn;_y),, series. Since C, = Ce + Cpy, in
nonmagnetic compounds, which can be approximated as T + ST? at low temperature, the Sommerfield coefficient,
a measure of the density of states at the Fermi level can be estimated. For pure YFeyZnag, 7 is 53 mJ/mole K2, with
Al doping, 7 is reduced monotonically to 28 mJ/mole K? with 1.7% Al doping and 21 mJ/mole K? with 12.2% Al
doping.

Figures 3 and 7 demonstrate a clear relation between the GdFes (Al Zn;_),, and YFea (Al Zn;_y),, series. With Al
doping, the strongly correlated conduction electrons in the NFFL YFesZnog become less correlated and the abnormally
high ferromagnetic transition temperature (86 K) in pure GdFesZngg is rapidly reduced. The correlation between
the GdFez(AlyZn;_y),, and YFey(AlZn;_),, series is very similar to the one between the Gd(Fe;_Coy),Zngo and
Y(Fel_xCoX)Qano series®: T in the GdFesZngg and the susceptibility in YFeyZnog were reduced monotonically with
Co doping. The Stoner enhancement factor, Z, is a measure of the electron correlation (polarizability) and can be
expressed as Z = 1 — (3u%)/7%k%)(v0/x0) = 1 — 1.37 x 107°(v0/x0), for xo in units of emu/mole and taken as
x(2K) with the core diamagnetism subtracted and 7o in units of mJ/mole K2. To quantitatively analyze the relation
between the polarizability in the Al doped YFesZnyg series and T¢ in the Al doped GdFesZnsyg series, and compare
the effect of Al doping with the effect of Co doping®, Tc and Z are plotted (Fig. 8) with the x-axis taken as extra
electrons added to the system. The number of extra electrons is calculated as 20 x x/F.U for Al doping, 2 x x/F.U.
for Co doping. Figure 8 (a) shows the evolution of the Stoner enhancement factor, Z, with doping, for Al doped and
Co doped YFesZng. Figure 8 (b) presents the evolution of T with doping for Al doped and Co doped GdFesZnyy.
It is worth mentioning that although RFesZnsq series are sensitive to the structural disorder'”, the T, in GdFesZnag
compound in different batches only varies by +3 K?, which is around £3.5% of GdFesZnag’s T,., 86 K. This value is
much smaller comparing to the ~15 K difference in T, for the TbFeyZnsg compound in different batches'”. Therefore
the monotonic T, change can not be due to the structural disorder. There are two features worth noting in this figure.
First, the Stoner enhancement factor of YFes (AlXan,X)QO shows a rapid drop when the extra electron counts are
smaller than 0.4 / F.U and then a much slower decrease when more electrons were added. This is very similar to the
evolution of T with the extra electrons added into GdFesZnsyg and thus suggests that the high T in the GdFesZnsog
is closely related to the polarizability of the conduction electrons. Furthermore, the decrease of polarizability with Al
doping also shed some light on the two observations in GdFes (AlXan,X)20 system: the deviation of Curie-Weiss law
below 200 K for samples with < 0.010 and the broad Cj; peak for samples with x < 0.017. Both unusual behaviors
occur in the samples which have apparently larger Z (strong electron correlations), and disappear in the samples
which have small Z. This indicates that these behaviors may well be associated with the combination of local moment
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FIG. 8: (a): x dependent Stoner enhancement factor, z for Co doped and Al doped YFezZnog. (b): z dependent T¢ for Co
doped and Al doped GdFe2Znoo. The data for Co doped YFexZnog and GdFes2Zngo are obtained from reference®.

ordering and NFFL state. Second, both Al doping and Co doping have very similar effects on the evolution of Stoner
enhancement factor and T¢ in this plot. And since the z-axis is taken as extra electrons added to the system, the
remarkable similarities between Al doping and Co doping supports the idea that band filling is important as well as
the applicability of a simple rigid band approximation to these chemically and structurally complicated compounds.
Furthermore, the deviation of Curie-Weiss law below 200 K and the broad C}; peak were also observed for the
Gd(Fel,XCox)Qano samples with large Z. This emphasizes the similarities between these two series and reinforces
the statement that these two features can be understood as the consequences of Gd?* local moments being embedded
in the strongly temperature dependent, polarizable electronic background of the YFesZno”.

Band structural calculations were carried out for YCo0,Znyo and members of the YFey (Al Zni_y),, series (x = 0,
0.05 and 0.1). Since the single crystal X-ray diffraction data show that the Al atoms substitute Zn2 sites, as shown in
Table II, in the band structure calculations, Al atoms were placed solely on the Zn2 sublattice. The calculated total
density of states are plotted in Fig. 9 and the Fermi level is indicated by the vertical lines. For pure YFeyZnsq, the total
density of states at Fermi level, D(Ey), shows a sharp peak. For Al doped YFesZny, the density of states manifests
very similar form to the one for pure YFesZnsy except the Fermi level shifts to a higher energy level where the density
of states drops to a much smaller value, which is comparable to the D(E}) of YCo9Zngo. This systematic reduction
of the calculated D(Ey) is consistent with the fact that v decreases with increasing « in the YFep(AlcZn;_y),, series.
It is worth noting in that, with Al doping, D(Ey) first drops rapidly and then enters into a broad valley, which is
qualitatively consistent with the non-linear evolution of T and Z. This again gives the theoretically demonstration
of the importance of band filling in this system.

IV. CONCLUSION

Single crystals of YFes(AlLZn;_x),, and GdFes (Al Zn;_y),, series were grown and characterized by magnetization,
heat capacity and resistivity measurements. T in the GdFeQ(AlXan,X)QO and Stoner enhancement factor in non-
magnetic analogue YFe, (AlXan,X)QO series show quantitatively similar evolutions with the extra electrons added
in the system: a quick drop first and then a much slower decrease. The comparison with the earlier studies of the
Y (Fe;_«Coy)yZngg and Gd(Fe;_yCoy),Zngg series, combined with band structure calculation performed by the tight
binding linear muffin-tin orbital method with atomic sphere approximation, clearly demonstrate the importance of
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FIG. 9: The total density of states (St/eV cell) of YCo2Znao and YFez(AliZni—x),, (z = 0, 0.05 and 0.1). Fermi level is
indicated as the vertical line.

band filling and the applicability of a simple rigid band approximation to these compounds.
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