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Compressibility of CeMIng and Ce,MIng (M =Rh, Ir, and Co) compounds
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The lattice parameters of the tetragonal compoundd i8¢ and CeMIng (M=Rh, Ir, and C9 have been
studied as a function of pressure up to 15 GPa using a diamond anvil cell under both hydrostatic and quasi-
hydrostatic conditions at room temperature. The additiok bf, layers to the parent Cejrrompound is found
to stiffen the lattice as the 2-layer systetaserage of bulk modulus valu& is 70.4 GPahave a largeB,
than Celn (67 GPa, while the 1-layer systems are even stiffaverage ofB, is 81.4 GPa Estimating the
hybridization using parameters from tight binding calculations shows that the dominant hybridiz&ftoim is
nature between the Ce and In atoms. The valueg,pht the pressure where the superconducting transition
temperaturel; reaches a maximum is the same for allMdas; compounds. By plotting the maximum values
of the superconducting transition temperatlireversusc/a for the studied compounds and Pu-based super-
conductors, we find a universdl. versusc/a behavior when these quantities are normalized appropriately.
These results are consistent with magnetically mediated superconductivity.
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I. INTRODUCTION While not proven definitively, it is generally believed that

Ce based heavy fermigitiF) and antiferromagnetiAF)  the origin of the superconductivity in Q&Inn,5 is mag-
compounds have been the subject of intensive investigatior#etic in origin. The value of the superconducting transition
due to their unconventional magnetic and superconductingmperaturel. in magnetically mediated superconductors is
properties. In these compounds the electronic correlationdelieved to be dependent on dimensionality in addition to the
the magnetic ordering temperature and the crystal field efcharacteristic spin fluctuation temperature. Theoretical mod-
fects are sensitive to pressure, and pressure induced supefs and experimental results suggest that the SC state in
conductivity near a quantum critical poi®@CP has been CeRhir, may be due to the quasi-two-dimension@DD)
observed in a variety of compounds such as G8Bd structure and anisotropic AF fluctuations which are respon-
CeCyGe,, CeRhSi, and Celn.'~>The appearance of super- sible for the enhancement of, relative to Celg.2%2! A
conductivity in these systems and the deviation from Fermstrong correlation between the ambient pressure ratio of the
liquid behavior as a function of pressure are still challengingetragonal lattice constantda and T, in the CéMIn; com-
problems to be studied. pounds is indicative of the enhancement of the superconduct-

CeMin,,.3 (M=Rh, Ir, and Cowith n=1 or 2 crystallize  ing properties by lowering dimensionalit§ncreasingc/a
in the quasi-two-dimensionalquasi-2D tetragonal struc- increased.).?° In order to explain the evolution of supercon-
tures HQCoGay.3.%" The crystal structure can be viewed as ductivity induced by pressure and the suppression of AF or-
(Celmy)n(MIny) with alternatingn (Celry) and(MIny) layers  dering, it is important to probe the effect of pressure on
stacked along the-axis. By looking at the crystal structure, structure for these compounds and look for possible correla-
we would expect that AF correlations would develop in thetions between structural and thermodynamic properties.
cubic (Celng) layers in a manner similar to bulk CelhThe Here we report on high pressure x-ray diffraction mea-
AF (Celny) layers will then be weakly coupled by an inter- surements performed on (MIn,..; (M=Rh, Ir and Co
layer exchange interaction through tfdIn,) layer leading with n=1 or 2 up to 15 GPa under both hydrostatic and
to a quasi-2D magnetic structure. Indeed, in the Rh comduasihydrostatic conditions. Previously, we have reported re-
pounds, the magnetic properties, as determined bgults on CeRhlg?2 we present a comparative study of the
thermodynamié, NQR 2 and neutron scatterifgare less complete set of G@In,,,; compounds with emphasis on
2D as the crystal structure becomes less 2D going fronthe behavior near the QCP. While there is no direct correla-
single layer CeRhinto double layer CgRhing (note that as  tion betweenc/a(P) and T(P) as an implicit function of
n—co, one gets the 3D cubic system CgInCeRhinp and  pressure in an individual system, the valueadh at the
CeRhing are antiferromagnets at ambient pressure but arpressure wheré, reaches its maximum value DOES show
found to superconduct at high pressut&3® The systems linear behavior as previously hypothesiZ8diso, the pf
CeColn, Celrlns, and CegColng display superconductivity at hybridizationV,; between the Ce and In atoms is the domi-
ambient pressurE1416-18The only member of the series nant hybridization in these compounds and takes on the same
that does not display magnetic order or superconductivity avalue for all CéVling compounds at the pressug,,, where
ambient pressures is @dng that is believed to be near a T, reaches its maximum value. These results will be com-
QCP¥® pared to isostructural Pu compounds and all of the results are
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at ambient pressure and a hydrostatic pressures of 4.2 GPa
with silicone oil used as the pressure transmitting media. In
other measurements, diffraction peaks from the Re gasket,
pressure markeréNaCl) and the sample are all observed.
The known equation of state for N&Cbr the standard ruby
fluorescence technigefewas used to determine the pressure.
The refinement of the XRD patterns was performed on the
basis of the HC0Ga,,,3 Structure with theP4/mmmspace
P =0GPa group(No. 123. When comparing the crystallographic data
(3=0.37214 &) and bulk modulus of Celrelative to CgMIny,.; it is evi-
dent that the Ce atom in QM In,,.; experiences a chemical
pressure at ambient conditioh¥? leading one to expect the
CeMIn,,, 3 to be less compressible than Cgbs the bulk
modulus increases with increasing pressure.
The V(P) data have been plotted in Fig. 2 for k&g
(M=Rh, Ir, and C¢ and Fig. 3 for CeMIng (M=Rh or Ir)
0 5 10 15 20 25 for both quasihydrostatic and hydrostatic measuremghés
20 (deg.) data for CeRhig has been previously reporféy Note that
the vertical and horizontal scales are the same for all graphs.
FIG. 1. X-ray diffraction patterns of CeCajrat ambient pres- Unfortunately, we have not had success growing single crys-
sure and a hydrostatic pressure of 4.2 GPa. The data were takéals of CeColng, though others have reported successful
using synchrotron radiation of wavelengtk0.37214 A. The vari-  growth of single crystal$® Since the maximum volume
ous reflections from CeCojrare labeled and one peak due to ex- compression is only of the order of 10%, théP) data has

P =42 GPa

CeColng (hydrostatic)

Intensity (arb.units)

cess In flux is noted. been fit using a least squares fitting procedure to the first
order Murnaghan equation of state
consistent with unconventional, magnetically mediated su- ,
perconductivity. _ @l (ﬁ)BO _ 1] )
By L\ V(P) ’
Il. EXPERIMENT

whereB; is the initial bulk modulus and), is the pressure

CeMIn,,,5 single crystals were grown by a self-flux derivative ofB,. For the room temperatur@ =295 K) data
technique described elsewhéfeThe single crystals were V/V, data shown in Figs. 2 and 3, the valuesByfand B
crushed into powder and x-ray diffraction measurementsand the initial linear compressibilities, and «, calculated
show the single phase nature of the compound. In agreemehelow 2 GPa are given in Table I. First, we note that tthe
with previous resultd§®?* the crystals were found to have =2 compounds show more anisotrofg, is 15-20 %
tetragonal symmetry with cell parameters in agreement wittsmaller thank;) in the the compressibilities than the=1
literature values. compounds. As mentioned, the 1 compounds appear to be

The high pressure x-ray diffractioXRD) experiments more 2D than th@=2 compounds, making this result some-
were performed using a rotating anode x ray generatowhat surprising. We also note the deviation from the typical
(Rigaky for the quasihydrostatic runs and synchrotroninverse relationship betweds, andV,; namely, Celrlg has
x-rays at HPCAT, Sector 16 at the Advanced Photon Sourcthe largest value 0By and the largest ambient pressure vol-
for hydrostatic measurements. The sample was loaded withme. These results hint that the valence of Ce and hybridiza-
NaCl or ruby powder as a pressure calibrant and either &on between the Cef4electrons and the conduction elec-
silicone oil or 4:1 methanol:ethanol mixtu¢aydrostatig or  trons needs to be taken into account. Pressure is known to
NaCl (quasihydrostaticas the pressure transmitting medium make Ce compounds more tetravalent, and since the tetrava-
in a Re gasket with a 18am diameter hole. High pressure lent ion is smaller then the trivalent ion, makes the more
was achieved using a Merrill-Basset diamond anvil cell withtetravalent system less compressible. The explanation for the
600 um culet diameters. The XRD patterns are collected usunexpected difference in the linear compressibilities may lie
ing an imaging plate(300x 300 mnf) camera with 100 in the fact thatc/a seems to be coupled 6, as will be
X 100 um? pixel dimensions. XRD patterns were collected discussed later. As a largefa favors superconductivity, if
up to 15 GPa at rooniT=295 K) temperature. The images pressure reduces less than expected, the compressibility
were integrated using FIT2D softwateThe structural re- Wwill be lowered and thec/a ratio will increase as seen in
finement of the patterns was carried out using the RietveldeRhIn and CeColg. As expected, the lattice appears to be
method on employing the FULLPROF and REITICA stiffer the more 2D the system becomes asNha, layers in

(LHPM) software packages. Ce,MIng stiffen the structure relative to CelnCelry has a
smaller bulk modulugB,=67 GPa?° than the 2-layer sys-
IIl. RESULTS AND DISCUSSION tems(average oB; is 70.4 GPathat in turn is smaller than

the 1-layer systemgaverage ofB, is 81.4 GPa The bulk
In Fig. 1 we show the XRD patterns for CeCglwbtained modulus values compare well with those reported for other
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" constantsc/a plotted versus pressure for £élng compounds at
T 1635 room temperature. Data for both quasihydrostébipen symbols
and hydrostatic(closed symbols are displayed. The solid line
1630 through the volume data is a fit as described in the text. The dashed
1.00 vertical lines in thec/a plots show the pressure where the maxi-
T mum value ofT, is observed. The solid lines in the#a plots are
[ guides for the eye.
085 . . .
- : HF systems%-33The fact that we see no discernible differ-
E ! ence between the hydrostatic and quasihydrostatic measure-
030 F B,=78.2+1.8 GPa ments is likely due to the nearly isotropic compressibilities.
[ Figures 2 and 3 also show the ratio of the lattice constants
B, I=3-94Ii°-41l . . . . c/a as a function of pressure. The systems display a wide
0-350 > 4 & B 10 12 14 range of behavior from the apparent double peaked structure
P (GPa) in CeRhln; to the single peaked structure in CeCplo a

monotonic decrease for the other systems. Vertical dashed

FIG. 2. Normalized volumé&//V, and ratio of tetragonal lattice lines show the pressure where a maximuriTitP) has been
constantsc/a plotted versus pressure for Kiéns compounds at observed: 2.4 GPa  for CeRRi* 1.4 GPa for
room temperature. Data for both quasihydrostatipen symbols CeColn,**% 2.9 GPa for Celrlg®*® and 2.4 GPa for
and hydrostatic(closed symbols are displayed. The solid line Ce&RhIng.*
through the volume data is a fit as described in the text. The dashed As mentioned, a strong correlation between the ambient
vertical lines in thec/a plots show the pressure where the maxi- pressure/a ratio andT, in the CéMIng compounds has been
mum value ofT, is observed. The solid lines in th#a plots are  observedincreasingc/a increased).2° This can be seen in
guides for the eye. Fig. 4 that is adapted from Pagliust al?® (Note that we
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TABLE I. Summary of the determined bulk modulBg and its pressure derivati\g as determined from
fits to the Murnaghan equation for the 88 n,,.3 compounds. Also listed are the ambient pressure values of
V, andc/a along with the initial linear compressibilities, and «,. Values for Celg are taken from Vededt

al. (Ref. 29.
System n V(A% cla By (GP3 B, k(103 GPal) k(1072 GPal)
CeRhl; 1  163.03 1.621 78.4+2.0 5.60+0.62 3.96+0.08 4.22+0.10
Celring 1  163.67 1.612 87.6+2.0 5.04%0.58 3.44+0.06 3.48+0.08
CeCol, 1 16096  1.638 78.2+1.8 3.94+0.41 4.35+0.08 3.43+0.16
CeRhing 2  266.48 2.624 71.4+1.1 3.85+0.31 4.20+0.04 4.85+0.11
Celring 2  266.26 2.610 69.4+1.7 5.73+0.52 4.02+0.06 4.93+0.12
Celny ©  103.10 1 67.0£3.0 2.5+0.5 4.98+0.13 4.98+0.13

have corrected a labeling error found in Pagliwoal?®  magnetically ordered statéIn the magnetic fluctuation sce-
where two systems are labeled as Cgfg 5Ins.) However,  nario, the maximum value of (P) is found at a pressure
some discrepancies exist, namely magnetic systems likB,,and depends on the spin fluctuation temperafiyrand
CeRhlr; whosec/a ratio of 1.62 would lead one to errone- the dimensionality of the magnetic interactions. The maxi-
ously conclude that superconductivity near 1.0 K should benum possible values of, will occur for more 2D systems
observed, rather than the experimentally observed AF ordewith the highest possible value ®f;. This leads to the natu-
at 3.8 K. The reason for this discrepancy can be seen if ongal conclusion that the correct quantities to plot are not the
considers theoretical treatments of magnetically mediatedmbient pressure ones, but rather the valug.aft P,,,, and
superconductivity! Calculations show that superconductiv- the corresponding value af'a. Note that while one should
ity occurs at a QCP where long range magnetic order isise the structural information ned@g, we have shown that
suppressed and the infinite range magnetic correlationshe c/a versusP behavior is similar at room temperature and
give way to short range magnetic correlations that are renearT, leading to the conclusion that the room temperature
sponsible for the superconductivity. Recent work has showtattice constants can be used for our analy&iEhis has been
a similar sort of behavior when a system is near a valenceone in Fig. 4 where the filled circles correspond to ¢tha
instability and critical density fluctuations give rise to ratios from the current study wheflg reaches its maximum
superconductivity’ In either of theses scenarios, one thenvalue atP,,, taken from the literatur&1434-36As can be
finds T¢(P) behavior that displays the experimentally ob- seen, CeRhinnow fits in with the rest of the data quite well.
served inverse parabolic behavior with the maximum valuAlso, Celrins and CeColg both have their values of, and
of T, becoming larger as correlations become more 2D irc/a enhanced from their ambient pressure values. Note that
character. Slight deviations from the inverse parabolicall of the points from the current study lie on or above the
behavior observed in CeRhlron the high pressure sitle  line. These results are consistent with theory and it would be
may be indicative of density fluctuations or a “hidden” 3D of great interest to measure more values of the maxirigm
as a function ofc/a at that pressure to look for universal
behavior.

3O T T To conclude that the dependenceTgfon c/a in Fig. 4 is
25 [ certin = due mainly to dimensionality, itis necessary to prove that
1 g ] does not change drastically for the various compounds. To
20| ceco,r,in, e i estimateTg;, we have used the tight binding approximation
— o ] of Harrison to calculate the hybridizatiafy; between the Ce
§Q1 55 cein, CeCo, Rhy,In, . (or Py f-electrons and Infor Ga p-electrons and/y; be-
P=2.9 GPa 1 tween the Cef-electrons andVl atom d-electrons. AsTg;
10F —®= CTeRh, It In, ] «exp(—1/V?), the hybridization can be directly linked ;.
sl oc‘:;ih’fr"ﬁ’;"" CeMin, It can be shown that thef anddf hybridization are given by
Celring CeRhin, 1 52 \/_
00k ., . . . .0, . ... Vot = ot —‘;— (2
1.61 1.62 1.63 1.64 m. d
c/a
FIG. 4. The ambient pressure values of the superconducting V. h? \F
transition temperature versus the room temperature value/ @f df = 77dfme d6 '

(open circley for various C#Ins compounds. Also showrsolid

circles are the values af/a determined at room temperature at the Where » is a constant(for o bonds, 7,:=10y 21/m, g
pressureP;, . where T (P) displays a maximum. The line is a least =450y35/m); m, is the mass of an electron, ry, andr; are
squares fit to the ambient pressure values. tabulated electron wave function radii for a particular atom;
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TABLE II. Calculatedfp (Vip) and thedf (V) hybridization in Applieéi'l;:lessure D
eV as described in text. Values are given at ambient pressure and . /-O\f s
the pressure wher€; displays a maximuni, 5. Necessary struc- 3 \‘
tural paramaters for PuCoGare taken from Wastiet al. (Ref. 449 a Magnetic , Superconductivity
and for CgColng from Kalychaket al. (Ref. 45. £| Order ', CeColn,
[

System  Vg(0) fo(o) Pmax (GP3  Vi(Pmax fo(Pmax) Celrin C

CeRhiy 0.572 2.030 24 0.607 2.136 -

Celrlng  0.627 2.031 2.9 0.665 2.135 FIG. 5. Schematic phase diagram for theMIrs; compounds
CeColry,  0.307 2.066 1.4 0.317 2.130 showing the competition between magnetic order and superconduc-
CeRhing 0272 1.977 24 0.292 2.086 tivity. For small values of the hybridization’?, the magnetically

Celring 0297 1.993 ordered statedashgd Iir_ma is fav_ored. As pressure is applied, Sys-

tems move to the right in the diagram and the magnetically ordered
CeColng  0.147  2.018 state gives away to superconductivigplid lineg. The approximate
PuCoGa 0.955 5.229 ambient pressure position is shown for variousM@a; materials.
The superconducting curve for CeRhllies between the Celrin
and CeColg curves.

andd is the distance between the atoms in questfoffwe V,r. The location was chosen to agree with the measured
tabulate ambient pressure values along with values at thgehavior of all three compounds. Namely, CeRhis an
pressure wher@, reaches its maximum value,, of both  antiferromagnet at ambient pressure while Celrlnd
the fp (Vp) and thedf (V) hybridization, summing over all  CeColn are ambient pressure superconductors, and all three
nearest neighbors, in Table Il. Note that though we havelisplay a maximum inT, as a function of pressure. The
done the calculation only far bonds, the inclusion of bond- inverse parabolic shape @f, is consistent with the behavior
ing with higherm quantum numbers will simply multiply the expected for magnetically mediated superconductivity, where
final result by a constarithat should approximately be the the height of the maximum depends on the hybridization and
same for all members of an isostructural seri€som Table the dimensionality* The larger maximum value df; as a
I, it is evident thatV;>Vy; for all of the compounds. This function of pressure for CeCajmwith largerc/a (and hence
is consistent with the electronic structure calculations ofmore 2D characterelative to Celrlg then follows naturally.
Maehiraet al. that consider thép hybridization only and get From Fig. 5, one would expect that the pressure to reach the
good agreement to measured Fermi surf4€&his domi-  maximum inT, would increases in order RhIr — Co. Sur-
nance of thdp hybridization also gives a natural explanation prisingly, both Rh and Ir display the maximum at about the
to some facts regarding the robustness of superconductivitgame pressure of 2.4 GPa. This can be explained, however,
For M site substitution, superconductivity is robust and ex-by noting that Celrlg has the larger bulk modulus so that
ists for numerous QdIns compositiong®4’ Substitution of  while the pressure is the same, the volume change is consid-
Sn for In, however, has been shown to rapidly suppress sterably less. A more reasonable variable to use than pressure
perconductivity in CeC@n,_,Sn)s.*® These results show would be the hybridizatio®V. From Table I, the value for
that theM atom serves mainly to affect the spacing betweerthe hybridization at the pressufg,,, where T, reaches its
the Ce and In atoms that determine the hybridization, and thenaximum value is nearly identical for all three @5 com-
sensitivity to Sn substitution shows that disorder of the Cepounds. This gives strong support for the magnetically me-
-In strongly perturbs thef interactions leading to supercon- diated superconductivity scenario as one would expect that
ductivity. the maximum value of ; would occur for approximately the
For the CMIns series, the/,; values increase in the order same value o¥ and variations ifT; would then be attributed
Rh— Ir— Co. One expects the important parameter describto differences in dimensionality. We note that the values of
ing the magnetic interaction to be the magnetic couplingv,; for the CgMing compounds is very similar to the
Joc V2, This is consistent with a Doniach motfe?° of the  CeMIns compounds and the progression of increasifg
competition between the nonmagnetic Kondo state and thbeing Rh— Ir — Co; this is consistent with the progression of
magnetic RKKY state shown schematically in Fig. 5 which ground states from magnetic ord&h) to heavy fermior(Ir)
qualitatively captures the pressure dependent behavior ito superconductivitfCo) in the CeMIng series. This is in
CeMIns compounds. After a system has reached its maxiline with the experimental finding of very similar electronic
mum magnetic ordering temperature, the magnetic order ispecific heat coefficients o 1/Tg¢x exp(1/V?).245455 Also,
rapidly suppressed and the system moves toward a QCP. This a scenario of magnetically mediated superconductivity, the
type of behavior has been seen in numerous Cenost obvious route to highdi, values would be to raise the
compounds$!->3Near the QCP, many different behaviors canvalue of T¢ by switching to actinide compounds with larger
be observed. For the @Hns compounds, superconductivity r; values, and hence hybridization relative to rare earths. The
with a characteristic inverse parabolic shape is observed. Asffect of moving to the actinides is seen in PuCg@gt has
shown by the dotted line, magnetic order may or may now ¢~ 2.6 times larger than the corresponding Ce compounds.
coexist in regions with superconductivity. In Fig. 5, the com-  Recently, Pu based superconductivity was observed for
pounds were placed from left to right in order of increasingthe first time in PuCoGgabove 18 K, an order of magnitude
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15— — 1 ™ TABLE Ill. Summary of the normalization values used to plot
the data in Fig. 6T* is a characteristic temperature that is related to
Rappl the spin fluctuation or Kondo temperatute/a)* is chosen as de-
10k - i scribed in text.
) PuCoGa, 0
. P=2.4 GPa
Qg Celrin, Co, Rh, Ga, SyStem T* (K) (C/a)*
B~ P=29 GPa . ;
05| PuCo, ,Rh, ;Ga, - CeMlIns 2.0 1.620
uRhGa, PuMGa; 20 1.596
P Y CeMIn 2.0 2.610
P56 Ce,Rhin, Mg ' i
00 o E
PSR RS S T SR TR TR S [ W W W TN S ST ST ST S [ S S S 1
-0.02 -0.01 0.00 0.01 0.02 0.03 . .
A(c/a) ambient pressure “misplacement” of BRhlng (AF order at

ambient pressujenow can be explained by the pressure in-

FIG. 6. The ambient pressure valuesTof T* versus the room duced superconductivity and the universal line now goes
temperature value ofA(c/a) (open symbols for various through the high pressure @éing data. While Cgring does
Ho,CoGay;3 based compounds; GHns (circles, CeMIng (dia- not display superconductivity, the value ofa reaches a
mondy, and PMGa; (squarep are all shown. Also showisolid  nearly constant value above 5 GPa and we have plotted a
symbolg are the values oA(c/a) determined at room temperature point assuming =0 at high pressure. This assumption gains
at the pressur@p,, whereT (P) displays a maximum. The straight validity as these results would predict that superconductivity
line is the same as that shown in Fig. 4. will not be seen in Cgring under pressure a&(c/a) falls

larger than the Ce compounds that also have the HogoG&€!OW the x-intercept of th&./T* versusA(c/a) line. Also,
structure® It was subsequently shown by Wastihal.thata ~ C&COIng should see a dramatic enhancementTpfunder

similar universal linear behavior t. versusc/a is observed ~Pressure; it/a doesn't change as a function of pressure, this
in PuMGa; compound with nearly the same logarithmic estimate for the maximum mjc would _be around 3 K which
slope as the Qding compoundg€457While this may at first 1S slightly larger than what is seen in CeCelmnder pres-
seem a surprising result, in fact it follows straight from theSure.

theoretical conclusions thdt. should scale as a characteris-

tic temperatureT* «Tg;. That the valueT, is an order of

magnitude larger in Pu based compared to Ce based com- IV. CONCLUSIONS

pounds then is a consequence of a valueTgfthat is an

; ) : . . Weh ied the elasti i M
order of magnitude larger in Pu compounds. This estimate ig Rhelr 2\:% Sél;ﬂ,?t?] tn:eleoarsgcijE&Z‘?T{;ﬁ%g&?ﬁgﬁ c(]uasi-

reasonable in light of the previous discussion showing a Sigﬁydrostatic pressures up to 15 GPa using x-ray diffraction.

mﬂt_:antly larger value 01\2/Pf in the Pu compounds FeMeM- e addition ofMIn, layers to the parent Cejrompound is
bering thafTeexp(~1/V7), and also because the electromcfound to stiffen the lattice. By plotting the maximum values

specific heat coeffici_eny‘z is an order of magnitude srgglller N of the superconducting transition temperatligeversusc/a,

Pu compounds relative to Ce compounds agd-1/y>>We o 516 able to expand upon the proposed linear relationship
also note that the GKlIng compounds at ambient Pressure posveen the quantities by Pagliugb al2® We have also

do not seem to not follow the lined, versusc/a behavior ¢, g that the dominant hybridization is between the(@e

as only CeColng displays ;uperconductmty at'amblent pres- Pu) f-electrons and Infor Ga p-electronsV,;. Also, the
sure. However, GRhir, like CeRhin, magnetically orders 5,0 of V,; whereT, reaches its maximum is nearly identi-
at ambient pressure but the application of pressure reveas,| o 5" three CMins compounds. These results explain
supercpnductlwty. To further analyz_e thgse systems, we Plahe jack of superconductivity in Gilng and predict thaf,
normalized valijes of; versusAc/a in Fig. 6, whereT. is o4 increase dramatically in Eolng at high pressure.
normfhzied byr* and A(c/a) is found by subtracting a value  comnaring the results to Pu-based superconductors shows a
(c/a)*. T* was chosen as 2 K fosrBGSAIng and CeMIngas it niversalT, versusc/a behavior when these quantities are
is approximatelyTs; for CeColn,>* and as discussed previ- pormalized by appropriate quantities consistent with what is

ously, we do not expect much variationTg; for these com-  expected of magnetically mediated superconductivity.
pounds.T*=20 K was used for PMGa; as we expect an

order of magnitude increase ; for Pu compounds relative

to Ce compounddc/a)* was chosen in such a way to shift ACKNOWLEDGMENTS
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