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89Y NMR observation of ferromagnetic and antiferromagnetic spin fluctuations
in the collapsed tetragonal phase of YFe,(Ge,Si),
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The surprising discovery of tripling the superconducting critical temperature of KFe,As, at high pressures has
led to an intriguing question of how the superconductivity in the collapsed tetragonal phase differs from that in
the noncollapsed phases of Fe-based superconductors. Here we report a Y nuclear magnetic resonance study
of YFe,Ge,Si,_, compounds whose electronic structure is similar to that of iron-pnictide collapsed tetragonal
phases already at ambient pressure. We find that Fe(Ge,Si) layers show ferromagnetic spin fluctuations, whereas
the layers are coupled antiferromagnetically. Furthermore, localized moments attributed either to Fe interstitial or
antisite defects may account for magnetic impurity pair-breaking effects, thus explaining the substantial variation

of superconductivity among different YFe,Ge, samples.
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I. INTRODUCTION

The collapsed tetragonal phase (CTP) found in the family
of AFe;As; (A = Ba, Ca, Eu, Sr, K) at high pressures has been
considered to be a nonsuperconducting phase [1] because the
formation of interlayer As-As bonds triggers a topological
change of the Fermi surface, thus removing the nesting condi-
tions that are important for superconductivity [2]. This notion
was suddenly challenged by the recent discovery of tripling
the superconducting critical temperature 7, in KFe,As, at
pressures higher than ~15 GPa when CTP is formed [3,4].
The strong electron correlations [4] or almost perfectly nested
electron and hole pockets found for KFe;As; in CTP [5] were
both put forward to explain the surprising enhancement of Tt..
Thus, to what degree the superconducting pairing mechanism
of CTP differs from that of the noncollapsed layered Fe-based
phases [6] remains at present unclear.

Rare-earth iron silicides and germanides of the RFe, X,
type (R = rare-earth element, X = Ge, Si) have been studied
since the 1970s for their magnetic properties—various probes
showed the absence of the long-range magnetic order of Fe
moments in this family of materials [7,8]. The only exception
seems to be LuFe,Ge,, which orders antiferromagnetically
with an ordering vector along a [001] direction [9-11].
The two representative compounds YFe,Si, and YFe,Ge,
are isostructural to AFe,As;, i.e., they all grow in the
same body-centered tetragonal crystal structure [Fig. 1(a)].
The ratio of YFe,Ge, tetragonal lattice parameters [12]
is ¢/a = 2.638, which is close to c¢/a ~ 2.5 of the high-
pressure CTP in KFe;As, [4]. The structural resemblance
with CTP of KFe,As, is reflected in the similarities of
their electronic structures [5,13—15]. Because of the collapsed
tetragonal structure, the interlayer Ge-Ge bonds make the
band structure and the Fermi surfaces of YFe,Ge, more
three-dimensional [14]. While nesting of hole and electron
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pockets, similar to that in KFe, As;, may imply that the putative
superconductivity in YFe,Ge, has the standard s order [13],
the possible ferromagnetic spin fluctuations within Fe layers
may even promote triplet superconductivity [14]. Reports
on experimental observations of superconductivity have been
equally controversial. Superconductivity was initially reported
for YFe,Ge, below 7. = 1.8 K [12]. On the other hand,
no bulk superconductivity down to 1.2 K was observed in
Ref. [16] and it was argued that the superconductivity has a
filamentary nature [17]. However, a more recent study claimed
bulk superconductivity in high-quality YFe,Ge; ingots with T
strongly dependent on the sample quality [15].

The key to understanding such conflicting findings is
hidden in the normal state of the YFe,Ge, Si,_, family. First-
principles calculations [13,14,18] for YFe,Ge, and YFe,Si,
suggest that the favorable three-dimensional magnetic order is
antiferromagnetic stacking of ferromagnetic Fe layers along
the tetragonal ¢ axis. However, such long-range antiferro-
magnetic order has never been experimentally observed for
these two compounds despite the enhanced spin susceptibility
in the normal state [9,16,19]. The maximum observed in
the magnetization measurements across the whole family
of YFe,Ge,Si;_, has been in some cases interpreted as an
indication for a nearly ferromagnetic metal state [16,19], but
such maximum could be due to the magnetic impurities.
It should be stressed that the sister LuFe,Ge, compound
shows the proposed antiferromagnetic ordering at 7y = 9 K
[9-11] and the complete suppression of Ty by Y substitution
on the Lu site in Lu;_,Y,Fe,Ge, for x > 0.2. This, in
fact, positions LuFe,Ge, and YFe,Ge, close to an antifer-
romagnetic quantum critical point [11-14,16]. Interestingly,
strong quantum fluctuations of the Fe spin moments were
reported in Refs. [20,21]. Therefore, if superconductivity in
YFe,Ge, is indeed intrinsic, it develops from a state where
strong spin fluctuations probably play an important role in
tuning 7.

Nuclear magnetic resonance (NMR) has been pivotal in
studies of iron-based superconductors [22-27] as well as

©2017 American Physical Society


https://doi.org/10.1103/PhysRevB.96.174430

J. SRPCIC et al.

(a)

Kiso (%)

o YFe,Ge,,Si

27502 18
I I

(b) 030 ‘ ‘ ] 0 100 200 300

T
[ 300K
015 YFe,Ge,,Si, ]
0.00 @
0.30 :
190 K
015 B
0.00
0.50 [ 20K il :
025 B
-10 -
0.00 . ) |
08 -06 -04 02 00 02 -10 5 0
v=v, (%) T?Log(TIT*) (10°K?)

Temperature (K)

Intensity (arb. u.)

YFe,Ge, ,Si
I

2770278 o

FIG. 1. (a) The body-centered tetragonal crystal structure of
YFe,Ge,Si,_, (space group [4/mmm). Here gray, blue, and
pink spheres represent Y, Ge/Si, and Fe atoms, respectively.
(b) The ¥Y NMR spectra (thick violet lines) of polycrystalline
YFe,Ge(,Si; g samples at selected temperatures. Solid black line
is a fit to uniaxial shift anisotropy. (c) Temperature dependence
of ¥Y NMR shift, Ki, (circles). Solid line is a fit to Eq. (1).
(d) Semilogarithmic plot of Kj, vs T?In(T/T*) reveals a straight
line thus corroborating intraplane ferromagnetic correlations.

in studies of systems close to the quantum critical point
[28-31]. Here, we employ ¥Y NMR to probe the normal
state of YFe,Ge, Siy_, compounds. Data is consistent with the
intralayer ferromagnetic and interlayer antiferromagnetic spin
fluctuations. YFe,Ge, Si,_, is thus laying close to the quantum
critical point—the c¢/a ratio acts as a control parameter to tune
the magnetism. Therefore, in tetragonal Fe-based structures
with ¢/a ~ 2.5, such as YFe,Ge,Si,_, and CTP of KFe,As;
or SrCoy(Ge;_,Py), [32], even small perturbations, such as
the Fe interstitial or antisite defects discovered in this work,
can have a profound effect on the adopted state.

II. EXPERIMENTAL METHODS
A. Sample preparation and characterization

Polycrystalline samples with nominal composition
YFe,Ge,Si;—, (x =0.20, 1, and 2), were synthesized by
melting stoichiometric amounts of Y, Fe, Si, and Ge (all of
at least 99.9% purity) in an arc furnace under high-purity
Ar atmosphere. All arc-melted buttons were flipped and
remelted several times to ensure homogeneity. The samples
were annealed at 850°C for ~100 h and then quenched
into liquid nitrogen. Polycrystalline samples were structurally
and chemically characterized by a Panalytical X’pert powder
x-ray diffraction (XRD) diffractometer. XRD patterns were
successfully indexed on the basis of body-centered tetragonal
14/mmm-type structure. The lattice parameters previously re-
ported in Ref. [16] are a = 3.926(1), 3.939(1), and 3.966(1) A
and ¢ = 9.974(1), 10.10(1), and 10.43(1) A for x = 0.20, 1,
and 2, respectively. The larger Ge size causes both a and
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c lattice constants to systematically increase with x. As aresult,
the ratio ¢/a also smoothly increases with x from 2.54 to 2.63.

Samples were additionally checked for their electrical
resistivity properties. The resistivity of the YFe,Ge, sample
was measured with a conventional four-lead technique using
the LR-700 ac resistance bridge between room temperature
and 1.2 K. The electrical resistivity, p(7), monotonically
decreases with decreasing temperature, which is consistent
with its metallic nature. The residual resistivity ratio (RRR)
is RRR =19, 8.3, and 8.8 (295/1.3 K) for x =2, 1, and
0.2 samples, respectively [16]. We note at this point, that
according to Ref. [15], YFe,Ge, samples with RRR =~ 20
show superconductivity below ~1.3 K, whereas the full
resistive transitions with 7. = 1.8 K were observed in most
samples with RRR values exceeding 20.

Finally, magnetization measurements in the temperature
interval 4.5 K < T < 350 K at various applied fields have
been performed using the commercial (Quantum Design)
superconducting quantum interference device magnetometer
and were previously reported in Ref. [16]. Prior to recording
the zero-field-cooled curves, the magnetometer was adjusted
to be in a true H = O state. The magnetization of YFe,Ge,
shows a pronounced peak at 75 K (in the YFe,GeSi sample
this peak is pushed to lower temperatures) [16], probably
originating from some ferromagnetic impurity in our samples.
We emphasize, that such parasitic ferromagnetic impurities
do not interfere with the Y NMR spectra of the dominant
YFe,Ge, Si,_, phase, because NMR is a local probe technique.

B. NMR measurements

For NMR measurements the samples were crushed to
fine powders. The ¥Y (nuclear spin I = 1/2) NMR spectra
and the spin-lattice as well spin-spin relaxation rates were
measured between 5 and 300 K in a magnetic field of
9.4 T. Y NMR shifts are determined relative to the Larmor
frequency v = 19.596 MHz, defined by a Y,05 reference
standard. For the ¥Y NMR line shape measurements, a
Hahn-echo pulse sequence, /2 —t — 7 — t — echo, was
employed, with a pulse length #,(w/2) =11 us and an
interpulse delay 7 = 60 us. The complete polycrystalline
NMR spectrum was obtained by summing the real part
of spectra measured step by step at resonance frequencies
separated by Av = 25 kHz. Both the inversion-recovery and
the saturation-recovery pulse sequences were used for the
spin-lattice relaxation rate measurements.

III. RESULTS AND DISCUSSION

The ¥Y NMR spectrum of YFe,Ge(,Si, 3, taken at 7 =
300 K, shows a single line with a characteristic powder pattern
of an axially symmetric shift anisotropy [Fig. 1(b)]. Excellent
fitting of the spectrum is achieved with the isotropic part
of the shift Kjy, = 2K, + K})/3 = —0.222% and the shift
anisotropy 6K = K| — K| = 0.174% (K | and K are the two
principal values of the %Y NMR shift tensor K). In general, the
%Y NMR shift has two main contributions: the temperature-
independent chemical shift and the hyperfine shift. If the
dominant contribution to K arises from the hyperfine, most
likely transferred hyperfine, interactions of 3°Y with itinerant

174430-2



8Y NMR OBSERVATION OF FERROMAGNETIC AND ...

charges of the Fe(Si,Ge) layer, then from the expression
Kiso = 72-x (Na and pg are the Avogadro number and
the Bohr magneton, respectively) we estimate the isotropic
hyperfine constant to be a;;, = —6.8 kOe/up. This is larger
than that in, e.g., YBa;Cu3O;_, high-T. superconductors
[33-35], by a factor of ~4, implying strong coupling of the
yttrium layer to the itinerant charges in the electronically active
Fe(Ge,Si) layer and consistent with a more three-dimensional
band structure [14]. The major uncertainty in determining ajs,
comes from the unknown precise value of the temperature-
independent chemical shift, which due to the small temperature
variations in magnetic susceptibility and the presence of
ferromagnetic impurities cannot be reliably determined even
from the standard Clogston-Jaccarino plots. We will return
to the question of chemical shift later in connection to the
Korringa relation where we estimate it to be ~0.25%, which
leads to ajso = —11.6 kOe/ .

On cooling, the Y NMR spectra retain their axially
symmetric shift anisotropy line shape at all temperatures
[Fig. 1(b)]. The 8Y NMR line first shifts slightly to even
more negative values of Kjg,, but then the trend suddenly
reverses below ~200 K and the shift, and thus also the local
spin susceptibility probed by %Y, is significantly reduced
compared to the room temperature value. The shift anisotropy
follows the same trend, e.g., the most shifted spectrum at
Tmax = 200 K also has the largest §K. The absence of
any significant broadening of Y NMR spectra down to
T = 20 K clearly rules out long-range magnetic ordering in
YFezGeo_QSiLg.

Kiso thus has a pronounced minimum (or a maximum
| Kisol) at Thnax [Fig. 1(c)], which is marking a maximum in the
local spin susceptibility probed by %Y. Such dependence is
markedly different from the monotonic (frequently addressed
as a pseudogaplike) dependence observed in the iron-pnictide
family [22-27]. Moreover, such nonmonotonic dependence
of x also deviates from a simple Pauli paramagnetism in
metals and is suggestive of spin correlations. The corrections
to the temperature dependence of the spin susceptibility of
normal paramagnetic metals in the presence of ferromagnetic
spin fluctuations have been a subject of intense theoretical
discussions [36—39]. The maximum in x (7') is predicted when
the spin susceptibility is given by

X(T) = x(0) = bT*In(T/ T"), ey

where x (0) is the Pauli spin susceptibility (which is modified
by enhancement factor S) and T* reflects the cutoff ener-
gies, whereas prefactor b is also strongly dependent on the
enhancement factor, i.e., b o« S*. If we insert Eq. (1) into
the expression for Kjy, and use ajs, = —11.6 kOe/up, we
obtain a high x(0) = 1.5(1) x 1073 emu/mol, b = 3.6(2) x
10~7 emu/(mol K?), and T* = 351(2) K. The agreement with
the model is further demonstrated on a semilogarithmic plot
of Kiso vs T? In(T / T*), where all experimental points fall on a
straight line [Fig. 1(d)], thus giving a support for the intraplane
ferromagnetic fluctuations in YFe,Ge(,Si;g. However, the
high Sommerfeld ratio y ~ 100 mJ/(mol K?) [15] suggests
that both heat capacity and spin susceptibility are enhanced
by the same factor of ~10 compared to their unrenormalized
values, meaning that the Wilson ratio xo/y is of the order of
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FIG. 2. ¥Y NMR spectra of (a) YFe,GeSi and (b) YFe,Ge,
shown for some selected temperatures. Thick lines represent the
experimental data, while thinner solid lines are line shape fits. The
label S marks the position of the additional strongly shifted **Y lines
attributed to those Y ions, which couple to localized moments. These
moments are associated with the Fe creating antisites or interstitial
defects.

1, which would not appear to support the nearly ferromagnetic
state.

Partial or complete replacement of Si with Ge yields
isostructural YFe,GeSi and YFe,Ge, compositions. Com-
pared to YFe,Ge(»Si; 3, the 89y NMR spectrum of YFe,GeSi
is significantly broader and shifted to even lower resonance
frequencies [Fig. 2(a)]. The broadening is attributed to the
effects of local site disorder introduced by a random Si and
Ge occupancy of 4e crystallographic positions. On the other
hand, since it is unlikely that the structural and electronic
modifications within the Fe(Ge,Si) layer would considerably
affect the values of ¥Y hyperfine constant ajs, the observed
monotonic increase of the %Y shift with increasing Ge content
can only reflect the enhancement of local spin susceptibilities.
The ¥Y NMR spectrum of YFe,Ge, [Fig. 2(b)] is shifted
even more, thus implying even larger local spin susceptibilities
probed by Y NMR.

%Y NMR spectra retain their axially symmetric shift
anisotropy line shape at all temperatures (Fig. 2), hence
indicating that there is no structural phase transition between
300 and 15 K that would reduce the Y 2a site symmetry in
either sample. Compared to YFe,Ge(,Si; g, the temperature
Tmax, Where Kjg, reaches its minimum (maximum in | Kig|), is
systematically reduced with increasing Ge content [Fig. 3(a)],
i.e., to ~100 K and ~70 K in the YFe,GeSi and YFe,Ge,
samples [inset to Fig. 3(b)], respectively. Moreover, fitting
of the temperature dependences of Kis, to Eq. (1) is no
longer satisfactory. Even extensions of a model to include
the effects of impurities [39], i.e., x(T) = x(0) — bT* In[(T +
Timp)/ T™], where Ty is related to the effects of the finite mean
free path on the spin fluctuations, do not improve the quality
of the fit. Contrary to YFe,Ge(,Si; g, the Y NMR spectra
remain broad when | Kj, | is reduced at low temperatures [e.g.,
compare the spectra of YFe,Ge, measured at 110 and 23 K in
Fig. 2(b)]. This is indicative of the growth of local magnetic
fields at ®Y sites probably originating from the short-range
static magnetic correlations that begin to develop in a high
magnetic field of 9.34 T at low temperatures. It should be noted
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FIG. 3. (a) Comparison of temperature dependences of the
isotropic part of the 89Y NMR shifts K;, measured for YFe,Geg,Si 5
(violet), YFe,GeSi (blue), and YFe,Ge, (red) powders. (b) The
shift of the additional %Y resonance (circles), with the signal
intensity of about 20% of the total NMR signal, follows a Curie-like
temperature dependence (solid line). Inset: The dependence of tem-
perature T,,,, i.e., the temperature where |K;,| has a maximum for
the YFe,Ge, Si,_, family, on the c¢/a ratio (solid circles). The open
circle represents Ty = 9 K of LuFe,Ge, [9].

that | Kjs| is suppressed at the lowest temperatures, which
necessitates that correlations between the Fe(S1,Ge) layers are
of antiferromagnetic nature.

Another peculiarity of the YFe,Ge, sample is a pronounced
shoulder in the Y NMR spectra, which on cooling develops
into a separate resonance with an extremely large shift
[Fig. 2(b)]. This spectral component is absent (or at least
much weaker) in the other two compounds. Since all three
studied samples grow in the same space group with a single
crystallographic Y site, there is no obvious reason for a
separate Y NMR line in this case. The intensity of this
signal is about 20% of the total Y NMR signal so it
cannot be simply attributed to some extrinsic ferromagnetic
impurity phase, leading us to the conclusion that it must be
intrinsic to YFe,Ge,. The temperature dependence of the shift
[Fig. 3(b)] follows a perfect Curie-Weiss behavior, i.e., K =
Ko+ C/(T — Ty) with Ky = —1890 ppm, C = —0.89 K,
and Ty = —48 K, thus associating this signal with 3°Y sites
located close to some localized moments. This notion is further
supported by the measurements of the spin-lattice relaxation
rate, 1/77, which is, for this component, nearly temperature
independent [Fig. 4(a)]. To explain the presence of localized
paramagnetic impurities, we refer here to a common feature
frequently encountered in iron-pnictide and iron-chalcogenide
samples [26,40,41], i.e., that some of the Fe creates antisites
(Fe occupying Ge/Si sites) or interstitial defects (Fe occupying
crystallographic interstitial sites between Y and Ge layers).
Due to the large magnetic moment of such localized Fe
defects, a strong hyperfine field with a Curie-Weiss-like
dependence is anticipated on the nearest neighboring %Y
sites, in agreement with the experiment. We note that the
presence of such localized moments may account for the
variations in RRR between different samples and provide a
very efficient channel for magnetic impurity pair-breaking
effects, thus explaining the large variation in 7, for different
YFe,Ge, samples [12,15-17].
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FIG. 4. (a) Temperature dependences of ¥Y spin-lattice relax-
ationrates 1/ T, T for YFe,Ge, Si,_, samples. (b) Test of the Korringa
relation for YFe,Ge, Si,_, samples by plotting \/1/T1 T vs K5, with
temperature as an implicit parameter. The solid black line is the
Korringa relation [Eq. (2)] yielding the Korringa factor § = 8.7.
(c) The decay of echo signal intensity as a function of interpulse
delay time T measured in YFe,Ge, at T = 40 K. The solid line is a
fit with o = 1.65 (see text for details). (d) Temperature dependences
of Gaussian spin-spin relaxation rates 1/T5. Solid red line is a fit
for YFe,Ge, to a low-temperature power-law 7" dependence with
n = 2.9(1). The labeling of different samples is provided in the insets.

Strong quantum spin fluctuations are usually responsi-
ble for a characteristic power-law dependence of the spin-
lattice relaxation rate, 1/7T,i.e., 1/T'T o« T7" withn = 3/4
[28-31]. However, for YFe,Ge,Si,_,, the respective Py
spin-lattice relaxation rates divided by temperature, 1/7,7,
do not show such dependence [Fig. 4(a)]. A detailed analysis
of the contributions of different q-dependent spin fluctuations
to the 3°Y spin-lattice relaxation would require also detailed
information about the 3°Y hyperfine tensor. Moreover, much
of the information about the resulting anisotropy in 1/T
is lost in measurements on powder samples. However, even
the discussion of the simple Korringa relaxation relation [25]
may hold important clues about the dominant type of spin
fluctuations observed at the 3°Y site. In connection to that we
note that for YFe,Ge(,Si; g the temperature dependence of
1/ T, T resembles that of Kj, i.€., it exhibits a broad maximum
at ~200 K. When the electron-electron exchange enhancement
effects are important, the Korringa relation reads [42]

vl

T\ TKZ, = =
47TkB j/89

180

(@)

Here y, and ygo are the electronic and *Y gyromagnetic ratios,
respectively. The Korringa factor 8 is introduced to account for
the electron-electron exchange in a strongly correlated metal
[42]. Plotting £/1/ T T vs Kjs,, we find the expected linear de-
pendence [Fig. 4(b)] yielding 8 = 8.7, with a line intercepting
the horizontal axis at 0.25%. Moreover, adding to the same plot
also the data from the YFe,GeSi sample, then the data points
from both samples fall on the same line, thus strengthening
our estimate of 8 and placing 0.25% as a reliable estimate of
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the chemical shift. Such enhancement in S is consistent with
the previously established intraplane ferromagnetic spin fluc-
tuations. The spin-lattice relaxation rates of YFe,Ge, are even
more enhanced, nearly temperature independent [Fig. 4(a)] and
do not scale with the temperature-dependent K2  [Fig. 3(a)],
giving indications for a Fermi-liquid breakdown for this
sample.

In the BaFe,;As; family, where the coexistence of the in-
traplane ferromagnetic and stripe-type antiferromagnetic spin
correlations was recently reported [23,27], 1/T\T increases
with decreasing temperature, because of the contribution of
the dynamic spin susceptibility at the antiferromagnetic wave
number Q, which increases with decreasing temperature.
Since such characteristic enhancement is not observed in
our 1/TT data, we conclude that for the YFe,Ge,Sir_,
family the intraplane ferromagnetic fluctuations prevail over
the intraplane stripe-type antiferromagnetic fluctuations at all
temperatures. However, since the temperature dependence of
Kis, at the lowest temperatures indicate also antiferromagnetic
correlations, this brings us to the antiferromagnetic coupling
between layers, which was initially found in the first-principles
calculations [13,14,18] and in the antiferromagnetic order-
ing of the sister LuFe,Ge, compound [9]. The interplane
antiferromagnetic spin fluctuations are in the 1/7,T data,
however, filtered out at the highly symmetric yttrium position.
To address antiferromagnetic correlations between layers we
finally turn to ®°Y spin-spin relaxation rates, 1/ 7. We first
fitted the envelope of the echo decay S(r) as a function of
the interpulse delay time 7 to a phenomenological expression
S(t) = Soexp[—(2t/T2)*] [Fig. 4(c)]. Here S is the initial
echo intensity signal, whereas the parameter o expresses the
relative contributions of the Redfield and the Gaussian parts of
the echo decay [42,43]. We obtain o ~ 1.6, showing that both
relaxation channels are present and comparable. Therefore, in
the next step we employed the procedure of Ref. [43] to extract
the Gaussian part of the decay, T>g. As anticipated, 1/ T»g
is constant at high temperatures for all samples [Fig. 4(d)].
However, at low temperatures, 1/7>g nearly diverges for
YFe,Ge, and YFe,GeSi, whereas it is only slightly enhanced
for YFe,Gep,Sijg. Below 100 K, 1/T»g for YFe,Ge; is
fitted to 1/ T = 1/ T2O + BT ™" with a power exponent n =
2.9(1). This is reminiscent of cuprates, where the Gaussian
contribution to the echo decay is proportional to the anti-
ferromagnetic correlation length &, i.e., 1/Thg o & [42-45].
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The low-temperature enhancement in 1/7,g thus corrobo-
rates the growth of antiferromagnetic correlations between
Fe(Ge,Si) layers and suggests that the Ge-rich samples are
in the vicinity of an antiferromagnetic quantum critical
point.

IV. CONCLUSIONS

The YFe,Ge,Si,_, family displays ferromagnetic fluc-
tuations within the Fe(Ge,Si) layers and antiferromagnetic
correlations between layers. These later grow in importance
withx — 2, thus implying that with the introduction of slightly
larger Ge ions, the change in the c¢/a ratio (c¢/a = 2.54,
2.56, and 2.63 for x = 0.2,1, and 2 samples, respectively)
is sufficient to strengthen the interlayer coupling. The trend
is in agreement with the long-range antiferromagnetic order
below 9 K in LuFe,Ge; (c¢/a = 2.66) [9] and the smooth
suppression of Ty in Lu;_,Y,Fe,Ge, as Y partially replace
Lu [11]. YFe,Ge; is close to the antiferromagnetic quantum
critical point [inset to Fig. 3(b)]. We stress that a similar
Ge-Ge bonding strength acting as a tuning parameter to
induce the quantum critical point has been reported for
SrCoy(Ge, Py )., which likewise belongs to the same layered
tetragonal ThCr,Si, structure type [32]. When a quantum
critical point separates the magnetic and superconducting
phases, even small perturbations introduced by defect localized
moments, such as those reported here, may have a profound
effect on the ground state. Although there is no NMR data
available for a comparison with the high-pressure CTP phase
of KFe;,As,, our results suggest some important differences,
most notably ferromagnetic intraplane fluctuations, in the
normal state of YFe,Ge,Si;_, compared to that of the
superconducting iron pnictides. It is therefore unlikely that
superconductivity in YFe,Ge, follows the same scenarios as
those discussed for iron pnictides [6].
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