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Supplementary Note 1: Single crystal neutron diffraction

Supplementary Figure 1 shows the Pr-doping dependence of the lattice parameters b and
¢ and the orthorhombicity 1 — a/b at 10 K and 300 K, together with data from Friedt et
al. [1] for CagRuQy in the L-Pbca phase at 400 K. The tentative phase boundary between
the insulating S-Pbca and the metallic L-Pbca phase is indicated by the background color.
Clearly, increasing Pr doping drives the ground state crystal structure progressively closer
to the phase boundary, in line with the suppression of Ty;. Within the high temperature
L-Pbca phase, on the other hand, we observe only small changes in lattice constants between

with doping.
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Supplementary Figure 1. Doping evolution of the crystal structure. S-Pbca and L-Pbca phases are
indicated by blue and white regions. Red, black and white markers correspond to 400 K, 300 K

and 10 K, respectively.



The crystal structures together with further details on data collection and refinement are

reported in the CIF files available online and summarized in Tables 1-3 below.



Supplementary Table 1. Single crystal crystallographic data for Cas_,Pr,RuQO4, x = 0, 0.04 and

0.07, at 10 K and 300 K. Lattice parameters are measured in Angstrom, while the atomic positions

are given in fractional coordinates of the unit cell.

Temperature (K) 10
doping x 0 0.04 0.07
Space group Pb
a 5.379(2) 5.380(2) 5.392(3)
b 5.630(2) 5.5867(19) 5.492(3)
c 11.723(4) 11.820(4) 11.972(8)
Volume 355.0(2) 355.3(2) 354.6(4)
Ru X 0.5 0.5 0.5
y 0 0 0
z 0 0 0
Ca (Pr) X 0.49710  0.49490  0.49040
y 0.05870  0.05573  0.04530
z 0.35281  0.35240  0.35040
O(1) X 0.30550  0.30470  0.30430
y 0.30030  0.30064  0.30080
z 0.02799  0.02649  0.02510
0(2) X 0.56890  0.56630  0.55940
y -0.02240  -0.02131 -0.01820
z 0.16471  0.16492  0.16560
Ru-O(1) ry 2.015(3) 2.0058(11) 1.983(4

) )

Ru-O(1) ry 2.0180(17) 2.0064(12) 1.995(4)
) 2.011(4)
)

( (

( (
Ru-0(2) 1, 1.9702(16) 1.9853(12
Ru-O-Ru bond (deg) 149.74(12) 150.28(10) 150.65(18)
( (

RuOg tilt (deg)  11.46(5) 10.92(6)  9.61(8)

0.07

5.377(3)
5.379(3)
12.203(8)
353.0(3)
0.5

0

0
0.48970
0.03270
0.35050
0.30580
0.30360
0.01730
0.54540
-0.01170
0.16500
1.950(3)
1.966(3)
2.029(3)

300

0 0.04
C a
5.409(2) 5.3700(19)
5.500(2) 5.3709(19)
11.910(4) 12.215(4)
354.3(2)  352.3(2)

0.5 0.5

0 0

0 0
0.49210  0.03190
0.04700  0.48800
0.35160  -0.34924
0.30310  0.30501
0.30110  0.30470
0.02386  -0.01755
0.56000 -0.01155
-0.01830  0.54610
0.16460 -0.16563
1.989(3) 1.9568(12)
1.991(3) 1.9546(12)
1.990(3) 2.0392(12)
151.37(15) 152.28(10) 152.43(15)

9.83(6)

7.19(5)

7.14(7)



Supplementary Table 2. Single crystal crystallographic data for Cas_,La,RuQOy4, z = 0.04, 0.07

and 0.11, at 4 K, 10 K and 300 K. Lattice parameters are measured in Angstrom, while the atomic

positions are given in fractional coordinates of the unit cell.

Temperature (K)
doping x

Space group

b
c
Volume

Ru X
y
z
Ca (La) X
y
z
O(1) X
y
z
0(2) X
y
z
Ru-O(1) ry
Ru-O(1) 1y
Ru-O(2) r,

Ru-O-Ru bond (deg) 150.33(8

RuOg tilt (deg)

10

0.04 0.07

5.387(2) 5.3857(19)
5.573(2) 5.512(2)
11.833(4) 11.957(5)
355.2(2) 354.9(2)
0.5 0.5
0 0
0 0
0.49454  0.49229
0.05422  0.04755
0.35197  0.35124
0.30500  0.30422
0.30074  0.30095
0.02614  0.02429
0.56535  0.56000
-0.02096 -0.01992
0.16502  0.16534
2.0021(9) 1.9869(11)
2.0071(8) 1.9931(10)
1.9876(9) 2.0062(11)
(8) 150.99(9)
10.76(4)  9.79(5)

4
0.11
Pbca
5.3709(19)
5.3808(19)
12.211(4)
352.9(2)
0.5
0
0
0.48898
0.03483
0.34955
0.30381
0.30342
0.01920
0.54884
-0.01364
0.16608
1.9572(8)
1.9587(8)
2.0462(9)
152.21(8)
7.65(4)

300
0.04 0.07
5.361(2)  5.378(2)
5.3716(19) 5.369(2)
12.236(4) 12.239(5)
352.4(2)  353.4(2)
0.5 0.5
0 0
0 0
0.48970  0.48980
0.02980  0.02980
0.34886  0.34994
0.30562  0.30440
0.30550  0.30310
0.01691  0.01682
0.54365  0.54320
-0.01120  -0.01110
0.16558  0.16572

1.9549(12) 1.9486(18

) )
1.9542(11) 1.9596(18)
2.0404(10) 2.0424(18)
152.19(10) 152.93(13)

6.80(4)  6.74(5)



Supplementary Table 3. Single crystal crystallographic data for Cas_,Nd,RuOy4, x = 0.04 at 10 K
and 300 K. Lattice parameters are measured in Angstrom, while the atomic positions are given in

fractional coordinates of the unit cell.

Temperature (K) 10 300
doping x 0.04
Space group Pbca
a 5.372(3) | 5.369(4)
b 5.585(2) | 5.378(3)
c 11.821(5) | 12.200(7)
Volume 354.7(3) | 352.3(4)
Ru X 0.5 0.5
y 0 0
z 0 0
Ca (Nd) X 0.49430 | 0.49060
y 0.05570 | 0.03130
z 0.35234 | 0.34890
O(1) X 0.30490 | 0.30510
y 0.30000 | 0.30530
z 0.02715 | 0.01740
0(2) X 0.56740 | 0.54510
y -0.02160 | -0.01200
z 0.16518 | 0.16590
Ru-O(1) ry 2.002(3) | 1.959(3)
Ru-O(1) 1y 2.008(3) | 1.956(3)
Ru-O(2) r, 1.990(2) | 2.039(3)
Ru-O-Ru bond (deg) 150.08(14)[152.20(15)
RuOg tilt (deg) 11.06(8) | 7.06(8)



Supplementary Note 2: Localization of doped carriers in the S-Pbca phase

In Supplementary Figure 2 we compare the resistivity of lightly rare earth doped CasRuQOy4
to similar doping levels in the cuprate Lay ,Sr,CuQO, [2] and in the single layer iridate Sy
_.La,IrOy4 [3]. In the latter systems, carriers rapidly delocalize away from the stoichio-metric
Mott phase, driving the system towards metallicity. In contrast, doped CasRuQO4shows a clear
MIT and remains highly insulating at low temperature. As shown in Supple-mentary Figure
2, the low-temperature resistivity of Cay_,Pr,RuO, with x = 0.07 is more than five orders of
magnitude higher than in cuprates or iridates with comparable doping. For x = 0.04 the
difference is even more pronounced. This provides compelling evidence for a complete

localization of the extra rare earth electrons in doped CasRuQy.
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Supplementary Figure 2. Comparison of the resistivity of lightly rare earth X doped CasRuOy4 (La

x =0.11, Pr z = 0.04 and 0.07) with similar doping levels in cuprates (from [2]) and iridates [3].

Supplementary Note 3: Strain evaluation

We express the nominal compressive strain on the b-axis of the sample as €., = (A L/L)cupet
(A b/b)sampie, where (A L/L)cype is the thermal contraction of the CuBe substrate and (A b/

b)sample = (030K — b19K) /p10K ig the compressive strain of Cay_,Pr,RuO,samples
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constrained to the L-Pbca phase at low temperature. We use literature values to esti-
mate (A L/L)cupe ~ —0.28% [4] and calculate (A b/b)sample ~ —3.8% (—2%) for Pr doping
x = 0.04 (0.07) from our neutron scattering data and thus find € ~ —4.1% (—2.3%). Anal-
ogously, we express the compressive strain on the a-axis as eiyy = (A L/L)cupe+ (A a/a)samples
with (A a/a)sample = (@30 ¥ —a'® ¥)/a'% ¥ and calculate (A a/a)sampte ~ —0.19% (—0.28%)
for Pr doping 2 = 0.04 (0.07), obtaining e,, ~ —0.47% (—0.56%). Since the strain val-
ues along the two in-plane axes differ by nearly an order of magnitude, we treat the strain
€ as approximately uniaxial. As shown in Fig. 1 of the main text, this strain is almost
completely transmitted to the sample surface for sufficiently thin samples. In all our experi-
ments, samples were glued to the substrates using EPO-TEK® H21D electrically conductive
silver epoxy.

The initial strain is gradually released in our experiment as the 8 x 2 x 1 mm?® CuBe
substrates are deformed by pressing a 1 mm diameter stainless steel ball against their lower

bend. ot the surface of the substrate as a function of the

surface. We calibrated the strain e
vertical displacement of the ball with a finite element analysis simulation using COMSOL
Multiphysics® modeling software. Supplementary Figure 3a,b show the results along the x
and y directions of the substrate’s reference frame for maximal vertical displacement, while
Supplementary Figure 3c illustrates the evolution of the strain at the center of the substrate.

bend.

Clearly, € is highly anisotropic, which justifies a one-dimensional treatment of the total

strain et = ¢ 4 ePend:,

Supplementary Note 4: Phase coexistence at intermediate strain
In Supplementary Figure 4 we reproduce the angle-integrated energy-distribution curves
(EDCs) for decreasing compressive strain shown in the main text. Taking the spectra at
€ ~ —0.6% and —1.9% as representative for the insulating S-Pbca and the metallic L-Pbca
phase respectively, we describe the data at intermediate strain as a linear combination of
these limiting cases. As shown in the figure, this approach provides a good description of
the data at all strain levels, providing strong evidence for phase coexistence typical of a first

order phase transition.
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Supplementary Figure 3. a,b Finite element analysis simulations of the deformation of the sub-
strates in our strain apparatus. The clamping pieces holding down the substrates have been
included in the simulations but are not shown for clarity. The colors encode strain along (a) and

perpendicular (b) to the bending direction. ¢ Calibration of the strain ey and eyy as a function of

displacement of the stainless steel ball pressing on the CuBe substrate.
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Supplementary Figure 4. Strain dependent angle-integrated EDCs. Colored lines are raw data
reproduced from Fig. 2 of the main text. Dashed black lines are linear combinations of the spectra

at €xx = —0.6% and —1.9%, which are representative of the L-Pbca and S-Pbca phases, respectively.

The coefficients of the linear combinations are given in the inset.
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