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Figure 1 X-ray diffraction patterns of the compounds studied. Miller indices of the lattice plans are indicated above each corresponding diffraction
peak. Raw patterns are provided as comma-separated values files.




X-Ray Absorption Near-Edge Structure Spectra
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Figure 2 Normalised Sc K-edge XANES spectra of Ca;Sc,Si30y,, Sc,03 and ScPO, - 2H,0. Raw spectra are provided as comma-separated values
files.



Expression of the Isotropic Cross Section
Expression of the Electric-Dipole Isotropic Cross Section
X-Ray Polarization Vector.

In an orthonormal reference frame bound to the crystal, the X-ray polarization vector is written:

sin 0 - cos ¢
€= | sin@-sin ¢ D
cos 0

The z axis is chosen according to the International Tables for X-Ray Crystallography. The x axis is taken parallel to the x axis of the Tables.
6 is the angle of ¢ relative to the z axis while ¢ is the angle of & relative to the x axis.

Cubic Crystals.

In this case, the angular dependance of the dipolar absorption is isotropic®. The electric dipole isotropic cross section, Gglb(0,0), does
not depend on the direction of the incident polarization vector & and can be expressed for any & as:

O (0, 0) = 0 (8) @
Monoclinic Crystals.

In monoclinic crystals with a Cy}, point group, the angular dependance of the dipolar absorption is trichroic!. The electric dipole cross
section, G]C)zh (&), can be expressed as:

63, (8) = 63, (0, 0)

—+/3-sin” 6 -[cos 2(p-G]C32rh(2., 2) +sin 2(p-G]C32ih(2, 2)] (3)
! 2 D
A (2-cos” 0-1)-0c, (2, 0)
When 6 = 0 and ¢ = 0:
0
é=1 0 | =&n €]
1
D (201) = 0B (0, 0)— =62 (2,0 5
GCZh(e()Ol)— Gczh( ) ) \/i CZh( ) ) (5)
When 6 = % and ¢ = 0:
1
E=| 0 | =2 (6)
0
A 1
GCII)Zh (8100) = 682}1 (07 O) - \/g CD;‘ (27 2)+ﬁ '682]1 (2’ 0) @)
When 6 = Z and ¢ = §:
0
=1 | =& ®
0
A 1
O-EZh(EOIO) = GgZh(07 0)+\/§0.ch1;‘ (25 2)+E 'GgZh(27 0) 9

From equation 5, 7 and 9, we show that the electric-dipole isotropic cross section of a monoclinic crystal with a Co;, point group is:

@, (100) + 0L, (8o10) + 0L, (8oo1)
3

o8 (0,0) = (10)



Expression of the Electric-Quadrupole Isotropic Cross section
X-Ray Polarization Vector and Wavevector.

The general coordinates of the vectors are:

sin 6 - cos @ cos 0 -cos ¢ -cos Yy —sin @ -sin y
&€= sinf-sing k=1 cos 6-sin ¢-cos y—cos ¢-sin y 1D
cos 0 —sin 6 -cos ¥

The angle y gives the direction of the wavevector in the plane perpendicular to the polarization vector. The orthonormal axes are
chosen as in equation 1.

Cubic Crystals.

For cubic point groups, symmetry considerations lead to the following expression of the electric-quadrupole absorption cross section!:
6 (&, k)= o2

1
+ﬁ-[35-sin2 6-cos? 6-cos? y+5-sin® 0 -sin® y—4

(12)
+5-sin” 6- (cos2 6 - cos’ Y- cos 4¢ —sin? V- cos 4¢
. . Q
—2-cos 8 -sin y-cos y¥-sin 4¢)]- 6.7, (4, 0)
For6 =0,¢ = % and y = -%:
0 1
e=( 0 | =20, k=|0 |=koo (13)
1 0
L 4
o (Boor, kio0) = 65 (0, 0) — ﬁ-cﬁb(4, 0) a4
For6=%,o=%andy =% 1 1
L) . R
€= ﬁ 28%%0, k= ﬁ =k_%%f20 (15)
0 0
Q P _ 50 6 40
chb('g% 50 kfﬁ %0) - chb(o’ 0)+ ﬁ ’ chb(4’ 0) (16)
From equation 14 and 16, we show that the electric-quadrupole isotropic cross section of a cubic crystal is:
3-69, (Boot, kioo) +2- 62, (B 1o k11 g)
Gglb _ 5 V2 V2 2 V2 a7)



Monoclinic Crystals.

In monoclinic crystals with a Cy}, point group, symmetry considerations lead to the following expression of the electric-quadrupole

absorption cross section

Q
O¢,,

For 6 = 0,

1
(8, &) =g, (0

2h

+\/E.(3.sin2 6-sin® y—1)- Cth(z’ 0)
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—_ =
| &

+ - [(cos® 6 -sin’ @ — cos® y) - (0'8;11(2, 2)-cos 2(p+0‘821h(2, 2)-sin 2¢)
+2-cos 0 -sin y-cos y- (0'8;}‘(2, 2)-sin 2‘/’*0'82}‘(2’ 2)-cos 2¢)]
+

-(35-sin® 6 -cos® 6 -cos® y+5-sin” @ -sin’ w—4)'682h(4» 0)

1
V14

[V

-2 \/j [(7-sin? @ -cos® 6 - cos® y+cos® -sin® y — cos® y) - (0821(4, 2)-cos 2(p+cgzih(4, 2)-sin 2¢)

3

—(7-sin?> @ —2)-cos 6 -sin y-cos - (0822(4, 2)-sin 2¢ — Gczih(4, 2)-cos 2¢)]
+/5-sin? 6 - [(cos® 6 -cos® y —sin’ y)- (O'Cerh (4, 4)-cos 4(p+0'czih (4, 4)-sin 4¢)
—2-cos 6-sin y-cos y- (ngrh (4, 4)-sin4¢ — Gczih (4, 4)-cos 49)]

¢=0andy = %:

For6 =0,¢ =% and y = -%:

By combining

For 6 =

(S|

4 0 5. or
- 7= 0, (4. 0) =21/ 0, (4. 2)
0 1
g=|0|=6, k=0 |=h
1 0
02 (&, k) =02 (0, 0)
Cop \ ™22 Cop \ ™7
5 o 15 o
~\/ 137002 0) =/ = -0¢, (2. 2)

equations 20 and 22, we obtain:

og (81, k1) +08 (&2, ko) =208 (0, 0)

,o=0andy = Z:
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(25)



For6 =%, ¢=Z%andy =

Lot ]
(S

By combining equations 25 and 27, we obtain:

Q

Q
0¢,,

(937 123) + Gczh

By combining equations 23 and 28, we obtain:

6 GCzh (0’ 0) \/ﬁ Gczh (4a 0)
For 6 = %,(p:Oandq/: %;
: :
é: 0 7257 k= ﬁ :kj
0 _ 1
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+3\V 12 92 0 =5/ = 0c, (2, 2)
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For6 =%, ¢0=Z%andy = %:
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g (25, ks) =08 (0, 0)

1 5 0 1 J15 59
+ 27 Vi1a’ OCa (2, 0)+ 2V 7 OCon (2,2) @37)

3 0 5 \[ or
N 2. \/ﬁ ’ Gc2h(4’ 0) - \/; GCzh(4 2) + 5 GCZh (47 4)

By combining equations 31, 33, 35 and 37, we obtain:

g, (85, ks)+ ¢ (8, ke) + 08, (87, k7)+ 08, (88, ks) =

(38)
Q 5 .9 6 @
4-(7C2h(07 0)+2- ﬁ-acm(z, 0)— \/ﬂ-crczh(47 0)
For6 = %, ¢ =0and y = 0:
1 1
V2 . V2 .
€= (1) =&, k= 01 =ko (39)
V2 V2
O¢c (&9, ko) = Gczh(ov 0)
5 o 15 o
1z 92 0=y 50, (2, 2) (40)
19 3 /5 V5
VT ‘o3, (4,0)— SRR Log (4, 2) + o oor (4, 4)
For6 =%,¢=Z%andy =0:
0 0
A 1 . . I .
E=| 2 | 8o k= V2 =kio (41)
V2 V2
oc,, (10, k10) = ¢, (0, 0)
5 o 15 o
1z %2 O+ 50, (2 2) (42)
19 3 /5 V5
For6 =%, ¢=%andy =0:
1 1
. 1 X ? .
E=1 3 | =& k= 2, =k (43)
V2 V2
g (&1, ki) =og (0, 0)
~\ 13 %% 0=y 50, (2, 2) (44)
19 3 /5 o NG
T O 0= 37/ 5708, (4 2) = 7 0g, (4.4
For6 =%, ¢=-Zandy =0:
1 1
A 2] A 2 2] 2
E=| 2 |~ k= —3 =ki2 (45)
V2 V2
GC h(812, ]qu) = GC h(O 0)
5 o 15 o
— ﬁ . Gczh (2, 0) + 7 . GCZh (2, 2) (46)
19 3 /5 o V5 or
o YRV "02},(4’ 0)+3 1/ 500, (4 2) = =08, (4. 4)

By combining equations 40, 42, 44 and 46, we obtain:

oQ (2o, ko) + 0 (810, ko) + 00, (211, ki) + 08, (B12, ki) =

Q 50 19 o (47)
468 (0,0) 41/ =02 (2, OHﬁ‘%%(“v 0)



By combining equations 38 and 47, we obtain:
2-[0g, (&5, ks)+ 08, (8, ks) + 08, (81, kr)+ o8, (8, ks)]
+0Q (8, ko) +0g, (810, ko) + 08, (811, k) +0g, (812, ko) = (48)

Q 7 Q
12-68 (0, 0)+ 717 (4, 0)

By combining equations 29 and 48, we show that the electric-quadrupole isotropic cross section of a monoclinic crystal with a Cy,
point group is:

Q —
30-0g, (0, 0) =
2:-[08, (&1, k) + 08, (82, k)] + 08, (&3, ks)+ 08, (84, ku) )
+2:2: 08 (&5, ks)+ 0, (&, ke)+0g, (87, k) + 08, (2, ks)]
+ og, (89, ko) +0g, (10, ko) + 08, (&1, k) + 08, (812, k)]
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