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Supplementary Fig. 1 | Schematic illustration of synthetic process for the hydrogenation yielding Gd2CHx (x≤1.0) (top) and Gd2CHy (y2.0) (bottom). The hydrogen pressures for each process producing hydrogenated Gd2CHx (x≤1.0) and Gd2CHy (y2.0) were controlled with a vacuum pump station. 
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Supplementary Fig. 2 | Rietveld refinement of powder XRD pattern of Gd2CHy (y2.0). The structural parameters obtained by the refinement with the Pm1 space group are listed in Table S1.


[image: ]Supplementary Fig. 3 | Rietveld refinement of powder ND pattern of hydrogenated Y2CHy (y2.0). The [Y2C]2+·2e− electride, which is isostructural with the [Gd2C]2+·2e− electride, was hydrogenated with the same condition to produce Gd2CHy (y2.0) as shown in bottom of Supplementary Fig. 1. 
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자동 생성된 설명]
Supplementary Fig. 4 | Temperature dependence of electrical resistivity for the [Gd2C]2+∙2e− electride and hydrogenated Gd2CHx (x≤1.0). a, Power law fitting of R/R400K for metallic [Gd2C]2+∙2e− electride and hydrogenated Gd2CHx (x≤1.0), showing different scattering mechanism of carriers. b, Plot of R/R400K versus T0.8 for the hydrogenated Gd2CHx (x≤1.0).
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Supplementary Fig. 5 | Magnetic phase transition temperatures of the [Gd2C]2+∙2e− electride and its hydrides. a, Temperature dependence of dM/dT for the three samples. b, Curie-Weiss fitting for the three samples.
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Supplementary Fig. 6 | Antiferromagnetic nature of hydrogenated Gd2CHy (y>2.0). The TN decreasing with the increase of DC magnetic field is clearly revealed from MT/.


[image: ]Supplementary Fig. 7 | AC susceptibility of ferromagnetic [Gd2C]2+∙2e− electride. Real part (a) and imaginary part (b) of AC susceptibility are measured under different frequencies at 0 HDC.
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Supplementary Fig. 8 | Magnetic properties between Cl-substituted Gd2CCl and H-substituted Gd2CHy (y>2.0). a, MT curves measured under magnetic field of 0.1 T, showing no splitting and a clear splitting between ZFC and FC for Gd2CCl and Gd2CHy (y>2.0), respectively. b, MH curves measured at 2 K. These results strongly indicate the antiferromagnetism of Gd2CCl and canted antiferromagnetsm of Gd2CHy (y>2.0). 
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Supplementary Fig. 9 | The modified Arrott plot of [Gd2C]2+∙2e− electride and its hydrides. a–f, Modified Arrott plots of [Gd2C]2+∙2e− electride with meanfield (a), tricritical (b), 3D Heisenberg (c), 3D Ising (d), 2D Ising (e), xy (f) models. g–l, Modified Arrott plots of Gd2CHx (x≤1.0) with meanfield (g), tricritical (h), 3D Heisenberg (i), 3D Ising (j), 2D Ising (k), xy (l) models. m–r, Modified Arrott plots of Gd2CHy (y>2.0) with meanfield (m), tricritical (n), 3D Heisenberg (o), 3D Ising (p), 2D Ising (q), xy (r) models.
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Supplementary Fig. 10 | Critical exponent fitting from Arrott plot. a–c, Temperature dependence of relative slope (RS) curves near the magnetic transition temperatures for the [Gd2C]2+∙2e− electride (a), Gd2CHx (x≤1.0) (b) and Gd2CHy (y>2.0) (c). d–f, Plots of the critical exponent model calculated by MS and  from Arrott plots for each sample. g–i, Critical exponent value derives from KF method.
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Supplementary Fig. 11 | Schematic illustration of canted antiferromagnetic ordering in Gd2CHy (y>2.0). Out-of-plane interaction between GdHGd determines the canted antiferromagnetism.
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Supplementary Fig. 12 | Curie-Weiss fitting. Temperature dependence of reciprocal magnetic susceptibility (1) of [Gd2C]2+∙2e− electride, hydrogenated and dehydrogenated samples.
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Supplementary Fig. 13 | MH curves of the [Gd2C]2+∙2e− electride and its hydrides. The data was obtained at 2 K.
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Supplementary Fig. 14 | RCP performance of the [Gd2C]2+∙2e− electride and its hydrides. The canted antiferromagnetic Gd2CHy (y>2.0) shows a larger RCP value than those of ferromagnetic [Gd2C]2+∙2e− electride and Gd2CHx (x≤1.0) samples. 


Supplementary Table. 1 | XRD Rietveld results of Gd2CHx (x≤1.0) and Gd2CHy (y>2.0). 
	Sample
	Gd2CHx (x≤1.0)
	Gd2CHy (y>2.0)

	Space group
	Rm
	P1m
	Pm1
	Pm1 (Supplementary Fig. 2)

	a, b (Å)
	3.64
	6.47
	3.74
	3.73

	c (Å)
	18.13
	6.02
	6.02
	6.03

	Volume (Å3)
	207.55
	218.79
	72.88
	72.59

	
	
	
	

	Atom
	Position / Occupancy

	Gd1
	(0 0 0.257)
/ 1.0
	(0.350 0 0.247) / 1.0
	(0.333 0.667 0.269) / 1.0
	(0.667 0.333 0.548) / 1.0

	Gd2
	
	
	
	(0 0 0)
/ 1.0

	C1
	(0 0 0)
/ 1.0
	(0 0 0) / 1.0
	(0 0 0) / 1.0
	(0.333 0.667 0.77)
/ 1.0

	C2
	(0.333 0.667 0)
/ 1.0
	(0.333 0.667 0)
/ 1.0
	
	

	Rwp (%)
	8.71
	8.17
	8.80
	10.50









Supplementary Table. 2 | ND Rietveld results of hydrogenated [Y2C]2+·2e.
	Space group
	P1m

	a, b (Å)
	6.34

	c (Å)
	5.94

	Volume (Å3)
	206.695

	

	Atom
	Position / Occupancy

	Y
	(0.345 0 0.250) / 1.0

	C1
	(0 0 0) / 1.0

	C2
	(0.333 0.667 0) / 1.0

	H1
	(0 0 0.500) / 1.0

	H2
	(0.333 0.667 0.500) / 0.62

	H3
	(0.298 0 0.625) / 0.79

	Rwp (%)
	15.6



image3.tiff
Hydrogenated isostructural [Y.CI*"-2¢™ (P31m)
S

Intensity (a.u.)

Bragg position
I T R A R R R R I

L L L L L s

30 50 70 % 110 130 150
20 (Deg.)




image4.tiff
‘400K

RIR,

08

06

04

02

0.0

Gd,CH, (xs1.0) 1.0 Gd,CH, (x<1.0)
[Gd,CP2e RocTo8
08 x
R T=230K
£ 06
«
@
RocTuTrs
N 04
02
R
00
100 200 300 400 20 40 60 80 100

T(K)

7% (k)

120




image5.tiff
dM/dT (a.u.)

[ 8¢
21K | ?
“
i
e [GA,CF2e #
© Gd,CH, (xs1.0) o 20K
—e— Gd,CH, (y>2.0) ‘
\ .
0 100 200 300

400

X' (glemu)

~

23K

100

T(K)





image6.tiff
MM,

0.5

0.0

i S
g

R
g

®FC OZFC
@ 10 Ce
@ 50 Ce
100 Oe
-® 500 Oe
-® 1000 Oe

10

20
T(K)

30 40




image7.tiff
 (emuig-Oe)

003
[Gd,CP*2e”

H,.=150e

10 Hz
—o— 100 Hz
~e- 300 Hz

0.00
320

L
340
T

360

£ (10 emulg-Oe)

[Gd,C*2e

3

o

0
320

T(K)

360




image8.tiff
M (emurg)

Hye=04T

- Gl
-+ Gd,CH, (y>2.0)

100

200
T(K)

300

400

M (emulg)

300

200

100

-100

-200

-300
-4

H(T





image9.tiff
a  3x10¢

M (emurg)"®

0.

4 ex0e

3x10°

M (emuig)’®

2x10*

M (emulg)™®

1x10*

0.

7.0x108

3.5%x108

M (emulg)®

0
0.

m  6x10*

3x10¢

M (emurg)®

£

2x107

1x107

M (emurg)®

0.

b ex100
Meanfield yit Tricritical yi1
B B:025
3
]
§ a0
% L
0
0 0.1 02 [} 0.1 02 03
(HIM)" (Oe-glemu)* (HIM)"™ (Oe-gfemu)™
e 2x107
3D Ising yi1.24 2D Ising Y175
:0.325 $:0.125
)
S
F o7
s l
0.1 02 0.1 02 03
(HIM)"™ (Oe-glemu)'* (HIM)"* (Oe-glemu)"
h ox100
Meanfield vit Tricritical yit
$:0.25
2 6x10°
°
E
£
8
=

B:05
0 0.1 02

3x%10° é

3 0.1 02 03
(HIM)™ (Oe-glemu)™ (HIMY™ (Oe-glemu)™
k gx107
3Dising  y:124 2D Ising y:1.75
$:0.325 $:0.125
2 4x107
°
E
£
s
H

.0 0.1 02

2x10"7 é é

0 0.1 02

1x10° é

3 0.1 02 03
(HIM)™ (Oe-glemu)™ (HIM)"™ (Oe-glemu)™
no2x10°
Meanfield  y:1 Tricritical  y: 1
B:05 p:0.25
s
S
E
o
s

3 0.1 0.2 03
(HIM)"" (Oe-glemu)* (HIM)" (Oe-glemu)™
q 3x10"
3D Ising yi124 2D Ising yi175
$:0.325 $:0.125
2 2x10%
g
H
£
A
s

0 01 02

(HIM)" (Oe-glemu)'s

03

1x10% 2
0
0 01 02 0.

0 3

(HIM)" (Oe-glemu)'s

c

M (emulg)™

f

M (emulg)”®

M"™ (emulg)™®

e

M (emulg

o

M (emulg)™

r

M (emulg)’®

a

1x10°
3D Heisenberg v : 1.386
£:0.365
5x10° %
0
0.0 0.1 0.2
(HIM)"™ (Oe-glemu)'
2x10°
xy y:1316
$:0.345
1%108 %
0
00 01 02 03
(HIM)" (Oe-glemu)™”
2x10°
3D Heisenberg v : 1.386
£:0.365
1%10¢
0 %
00 01 02 03
(HIM)™ (Oe-glemu)™
3x10°
Xy y:1316
£:0.345
2x10°
1%108
0
0.0 0.1 02 03
(HIM)™ (Oe-glemu)™
2x10°
3D Heisenberg v 1.386
:0.365
1%108
0
0 0.1 0.2 03
(HIM)" (Oe-glemu)™
6x10°
xy y:1.316
£:0.345
3x10°

o

[ 0.1 02
(HIM)" (Oe-glemu)

o

3




image10.tiff
RS

M, (T) (x10emuig)

M, /(dM, /dT)x10

[Gd,CP2e

1
0
300 320 340 360 380 400
T(K)
12 15
Mean-field
10
9
y=2.474 5
6 0
-4 4
Mean-field
[=0.545
-8
¥=2.001 2
-10
-12
-14

0
300 320 340 360 380 400

T(K)

(nwis/B - 04x) (1) X

OLx(LPA“XPY 1

Gd,CH, (xs1.0)

0
180

15

200 220 240 260 280
T(K)

12

M, (7) (x10 emulg)
©

XY Mean-field

M, /(dM, /dT)<10
\

|
@

'
=]

0
200 220 240 260 280
T(K)

o

(nwayb 2.01x) (1) 5

Obx(LP/ XY X

RS

Gd,CH,

.0)

= Mean-field
—e— Tricritical

4 3D-Heisenberg
—v— 3D-ising

+ 2D-Ising
XY

10
Canted Mean-field
ordering
V=1.040 5
0
6
Canted
ordering
Mean-ield ] 4
2
0

20

40 60
T(K)

(nweyB - 04x) (1) X

Oux(LPAXpl X




image11.tiff
Gd,CH, (y>2.0)

Canted / XY Mean-field
r\ff‘r tetttt

TN





image12.tiff
X7 (glemu)

—— [Gd,CP*2e
Hydrogenated

~ Gd,CH, (x1.0)
= Gd,CH, (y>2.0)

2 Dehydrogenated
— 500K
— 800K
— 1100 K
— 1300K

1

o -

18K 110K 180K 275K 330K 350K
0 100 200 300 400

TK)




image13.tiff
M (emulg)

300

150

-150

L 7=2k
+ [Gd,CF2e"

—e— Dehydrogenated at 1300 K

—e— Hydrogenated Gd,CH, (y>2.0)

H(T





image14.tiff
RCP(J/Kg)

400

300

N
S
3

100

H=5T

[Gd,CF2e

Gd,CH, (x<1.0)

Gd,CH, (y>2.0)




image1.tiff
H Vacuum pump

\ N Gd,CH,(x<1.0)
10" Torr

( ) Gas flow direction
°

Atomosphere : ~10° Torr H, mix gas (4% H,, Ar base)

Heat treatment : 1000 K

Atomosphere : 1 atm H, mix gas (4% H,, Ar base)

Heat treatment : 600 K





image2.tiff
Intensity (a.u.)

Gd,CH, (y>2.0) (P31m)

Bragg position
I I I I A I TR It

L i L L L
10 20 30 40 50 60 70 80

20 (Deg.)





