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e The O-VI (12c) site, actually a water molecule with undetermined hydrogen positions, is only occupied 50% of the time.

e There is also a “dehydrated” form, Sc(H20)2[BP2Og|, where these water molecules are not present.

e This structure can also be found in the enantiomorphic space group P6122 #178.

Hexagonal primitive vectors

a3 = %afc - @ay
as = %af{ + ?ay
ag = CcZ
Basis vectors
Lattice Cartesian Wyckoff Atom
coordinates coordinates position type
B: ri1a; + 2z, as + %ag = %axl)‘(—i— @axly—f— 502 (6Db) BI
B, —2x1a1—xlag+%a3 = —Qagc X+ ‘faxly—i— 5CE (6b) B1
Bs xlal—x1a2+l—12a3 = —faxly—&—ﬁcz (6Db) BI
B4 —T1 ag 721‘1 as + %ag = 7%(11‘15(7 @azler 162 (Gb) BI
Bs 2z1a; +x1as + %ag = %axlx— @amly—&— —cz (6Db) BI
Bs —x1 a1 +x1a2+1—7233 = \[axly—&—ﬁci (6b) B1I
B~ Toa; + 2zoag + %ag = %angc—k @amgy—l— 3c (6Db) Sc1l
Bs —2x9a; — Toag + %ag = —ga:chJr fax2y+ 15C2 (6Db) Scl
By xzal—xgag—i-%a = —\[axgy—&—ﬁcz (6Db) Scl
Bio —xoay — 2x9as + %33 = —%amg X — ?am v+ lci (6b) Sc1
Bi1 2z a; + Toas + %ag = %axzfc— \ggaxzy—t— e (6Db) Scl
B2 —T9a; +x2a0 + 1—72 a = V3azsy + Ecz (6Db) Scl
Bis r3ay + yzas + 23 a3 = % (x3+ys3) X ‘ég (x3—y3) ¥+ cz32 (12¢) HI
Bia —ysay + (3 —y3) ag + = %a (x3 —2y3) X+ i arsy+ 5 0(323 +2)2 (12c¢) HI
z3 + %) ag
Bis —(x3 —y3) a1 —x3as + = la(2z3 —y3) X — f aysy+c(as+3) 2 (12¢) HI
1
(23 +3) a3
Bis —x3a; —ysaz + (234 3) ag = —sa (w3 +ys) X+ ?Ba (r3 —y3) ¥ + (12¢) HI
c (Z3 + 5) Z
Bir yza;—(r3 — y3) a2+(23 + %) as = %a (—x3+2y3) X — @azg v+ec (23 + %) Z (12¢) HI
Bis (x5 —ys) a1+as ag—l—(zg + %) ag = %a (223 —y3) X+ 73ay3 v+ %6(623 +5) z (12¢) HI
Bio ysai + xrzas — (zg — %) as = %a (x3+ys) X+ @a (x3—y3) § — (12¢) HI
3c(323 —2) 2
B20 (Ig — yg) a; —Ysaz — zZ3as = %a (.Z‘g — 2y3) X — §a$3 Y —cz3Z (120) HI
B —z3a; — (3 —y3) ag — = —laQus—y) x+Layg—c(m—1) 2z  (12) HI
(o= 1) o
B22 —Ysay —Trzaz — (23 — %) as = —%a (1‘3 + y3) X — ﬁa (1‘3 — yg) Yy — (120) HI
A
Cc (Z3 6) VA



B3

B2y
B2s
Bas

Bar

Bas

B2o
Bso
Bs;

B32

B3y

B35

Bss
Bsr
Bss

B40

B4
B2
Bys

Bya
Bys

Bus

By~

B48

Bso

B51

—(z3 —y3) a1 +yzaz —

(23— 3) a3
z3 a1+ (23 — y3) az—(23 - %) az
Tqa1 +Yysaz + 2423

—yaar + (T4 — ya) ag +
) ay

—(v4a—ys) a1 — 2122+
(24 + %) as

—xga; —Ygag + (24 + %) as

yaay— (x4 — ya) az+ (24 + %) as

_ 5
6
(x4 —ya) a1 +xsas+(za + 2) as

Yaag +T4az — (24—%) as

($4 - y4) a; —Ysa2 —2z4a3
—xga; — (T4 —y4) a2 —
(24— 3) 2

—Ysa1 —Tga2 — (24 - %) as

— (24 —ya) a1 +ysaz —
(21— 3) a3
rqa;+(Ts — ya) 32—(2’4 - %) az
Tsar + Ysaz + 25 as
—ysar + (5 — ys5) az +
z5 + %) as
— (x5 —ys5) a1 — w52 +
(25 +3) 23

—Tsar — Ysaz + (Zs + %) as

ys a1 — (5 — ys5) az+ (25 + ) a3

(x5 — y5) a1+ 62+(25 + %) as

Ys a1 + Tsaz — (25—%) as

(965 —y5) a; —Ysaz —zs5Aag

—Tsa1 — (xs - y5) ag —
(25 — §) as

—ysa; — w582 — (25 — ¢) as

—(z5 —ys) a1 +ysaz —
2’57%) as

x5 a1+ (25 — ys) az—(25 - %) az

Tear + Ye a2 1+ 26 a3

—ys a1 + (6 — ys) a2 +
(6 +3) a3

— (w6 — ys) a1 — T az +
(o + 3) 2

(224 —ys) & — L3

%a(u +ys) X+
0(24—+
& V3

la(zg+ya) R+ La(zs —ya) §—
1c(3z4—2) 2
La(xq —2y4) &——Xgax4y-—024z
2 2
—3a(2xy —ys) X+ @ayély—c(z -3
—za (g +ys) X — %a(l@*yd y -
c(z447 6) Z
V3 N

(225 —ys) X — 43
sa (x5 +ys) X+
c(z5-+

_ V3

2

%a(2x5—y5) )‘(—@
1a (w6 +ye) X — %

(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12c¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)

HI

HI
HII
HII

HII

HII

HII
HII
HII

HII
HII

HII

HII

HII
Ol1I
Ol

(O

01l

(O
(O
Ol1I

(O
(O

(O

(O

Ol
oIl
oIl

O1II



Bea

Bes
Bes
Ber

—Tsa1 — Ysaz + (26 + %) as

yo a1 —(z6 — ys) az+ (26 + §) as
(z6 — y6) a1+x6 az+ (26 + 2) as

Yo a1 + Teaz — (36_%) as

(fEG —yﬁ) a; —YsaA2 — 2 Az

—rga; — (6 — Ys) Az —
26 — é) ag

—Yea1 — Tgaz — (Z6 - %) ag

— (76 — Y6) a1 + Yo az —
Z6 — 3) as
z6a1+(re — ys) az— (26 — %) ag
T7ay +yrag + 27 ag

—yray + (x7 —y7) ag +
z7 + %) as

—(x7 —y7) a1 —xrag +
(27+3) a

—T7a; —yrag + (Z7+ %) az

yrar—(z7 — y7) 32+(Z7 + %)
(z7 —y7) ar+a7 a2+(z7 + %) as

Yyrap +xraz — (27—%) as

(337 - y7) a; —Yraz —zrag
—Tra; — (937 - y7) az —

(71— 3) as

—Yrar —Traz — (27 - %) ag

— (w7 —y7) a1 +yraz —
27—%) ag
w7 a+ (w7 — yr) az— (27 — 2) as
rgai + ysaz + zgas

—ygai + (8 — ys) az +
(s +3) a3

— (g —yg) a1 — wgas +
(28 + %) as

—Tga; —ysaz + (28 + %) as

ysay—(zs — ys) az+(zs + %) as
(zs —ys) a1 +xsar+(zs + 2) as

Ygap +Trgax — (Zs—g) asz

(rg —ys) a1 —ysap — 2z a3

—La (x5 +yo) X+ a (w6 —yo) ¥+
0(264+ 5) Z
a(—x6+2ys) X — PFavgy+c(z+ §) 2
a(2z6 — ys) X+ Says § + §c (626 +5) 2
%a(I6+y61) X+ @a(xﬁ—%) v-
3¢ (326 —2) 2
%a(xg——2yd i——%?amﬁy-—CZGZ
%a(ng—yg) x—&-@aygy—c(z - 5) Z
1 V3

—la(zr+yr) %+ La(wr —yr) ¥+
C(Z7+§)i
Ya(—wr+2y7) R = Lawrg+e (2 +4) 2
30 (2x7 —yr) X+ Fayr § + Ge (627 +5) 2
La(zr +yr) &+ Lal(er —yr) § -
3¢(327 —2) 2

1 V3 e

30 (27 = 2y7) X = FPaxr § —czr 2
—%a(2z7 —y7) X+ @ayﬂ’*c(Z? - %) z

ta(zr +yr) X %a (7 —y7) ¥ —
c(zr—5) 2

%a( x7+2y7)5<+£ 1’7}’*0(27*%)2
3a (207 —yr) &= Payr§ - §e (620 - 5) 2
la(zs +ys) & — La(rs —ys) § +c2s2
La(zs — 2ys) +£ avs § + g (325 +2) 2

C(ZS +3)
a(—xg+2ys) X — %?ax8y>+c(28+-%)i
a(2zs — ys) X+ Slays § + gc (625 +5) 2
la(zs +ys) X+ @a(xs—yg) y-
1c(328—2) 2
%a(xg——2yg i——jfaxgy-—028z

(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)

OlII

oIl
oIl
oIl

O1II
oIl

oIl

OlII

oIl
O III
O III

O III

O III

O III
O III
O III

O III
O III

O III

O III

O III
o1V
O1v

(ONAY

o1V

O1v
o1V
o1V

O1v



Bs:

B82

Bss

Bsy
Bss
Bss

Bsr

Bss

Bgg
Bogo
Bo;

B92
B93

Bos

B95

Bos
By~

B98

Bog

BlOO

Bio1

B102

Bios

B104

B105 =

Bios

Bio~r

—rgayp — (xs - ys) ag —
(s —3) as

—Ysay —Tgaz — (Zs - %) as

— (g —yg) a1 +ygaz —
(28 — 3) a3
zs a1+ (s — ys) az—(zs - %) az
Tgai + Yo az + 29 ag
—yoar + (9 — yo) az +
(20 +3) as
— (g —y9) a1 — w9 az +
(0 + 3) 2

—Tga; — Ygag + (29 + %) as

Yoar—(z9 — Yo) 32+(29 =+ %) ag
(z9 — y9) a1+mg a2+(29 + %) as
Yoai +Tgaz — (2’9 - %) az
(19 —yo) a1 — yoaz — 29 a3

(559 - yg) az —
(20— 3) s

—xga; —
1
—Yogai —Tgaz — (29 - g) ag

— (w9 — yo) a1 +yo Az —
(20 — 3) @
zoar+(zg — yo) az— (29 — 2) as

T10a1 + Yi0a2 + 210 a3

—yi0a1 + (10 — y10) a2 +
(Zlo + %) as

- (5610 - y1o) a; —ripaz +
(210 +3) a3

1
—ZTipa; — Yoz + (210 + 5) az

yioar — (T10 — Y10) a2 +
(210 + %) as

(x10 — Y10) a1 + z10a2 +
(210 + %) ag

2
Yioar +Tipoaz — (2’10 - g) ag

(SE10 - ylo) a; —Yipaz — Z10 a3

($10 - ylo) as —
(210 — 3) as

—Zi0Qa1 —
1
—Yi0a1 —Ti0a2 — (2’10 - g) as

— (210 — y10) a1 + y10a2 —
(210 — 3) a3

—1a (223 —ys) X+ Laysy —c (25 — 1
—ga(zs +ys) X — %a(azs —ys) ¥
C(Zg—g) Z

w

1)2

%a(—x8+2y8)5<+‘/§aa:8y—c( 8—%) Z

(228 —ys) X — —ayg y— 70(628 -5z
a a(rg —yo) ¥ + cz9 2

1a(zg — 2yo) fi+£ azg ¥+ 3¢ (329 +2) 2

Ta(zg+yo) R+ LBa(zg—1o) § —
1c(329—2) 2
La (g —2y9) % — @axgy —C29 %
2 2
1a(2z0 —yo) X+ Faye§ —c (20 — &

1a(2wg —yo) X — Payg § — (629 — 5) 2
(710 + Y10) 73@ (T10 — y10) ¥ +
02102

1

2

ta (w10 — 2y10) %+ Laryy +

(3210 + 2)
(29610 —Y10) X — @aymy +
c (210 + %) Z
—5a(r10 + Y10) X+ ?a (10 = Y10) ¥ +
c (2’10 + %) Z
2a(—z10 + 2y10) X — §Gx10 y+
C (2’10 + 5 2
(2$10 —y10) X+ fayw y+
(6210 +5) z
a(xio+ y10) X+ fa (r10 —y10) ¥ —
(3210 — 2)
%a (fﬂlo 72y10) 5{7 @ yfczloi
—35a (2210 — Yy10) X + i ayiy —
& (2:10 %) i
_1 _ V3 _ o _
50 (10 +y10) X — 5 a (r10 — y10) ¥
C(Zlo é Z
%CL (=210 + 2y10) X+ @afl(] y -

C(Zlo—% Z

(12¢)
(12¢)
(12¢)

(12¢)
(12c¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)

(12¢)
(12¢)
(12¢)
(12¢)
(12¢)
(12¢)

(12¢)
(12¢)

(12¢)

(12¢)

O1v

(ONAY

O1v

o1V
ov
oV

oV

oV

oV
ov
ov

oV
ov

oV

oV

oV
O VI

O VI

O VI

O VI

O VI

O VI

O VI

O VI
O VI

O VI

O VI



Bios = Tioar + (1710 - le) az — = %a (29610 - y10) X - @aylo y- (120) O VI

(10— 2) a3 tc (6210 —5) 2

Bioo = T11a1 + Y11 a2 + 21183 = la(rn+yn) X— Lalrn —yn) ¥+ (12¢) Pl

cz11 2

Biio = —y1 a1 + (11 — y11) az + = sa(xy —2y11) X+ §a$11 v+ (12c) Pl
(211 + %) as %C (32’11 + 2) Z

Bi11 = —(z11 —yn) ag —zax + = —3a (2z11 — y11) X — @ayu v+ (12¢) P1I
(211 + %) as c (Zu + %) Z

Biiz = —znai—ynas+ (zu1+3) a3 = —gza(zin+yn) X+ ?a (r11 —y11) ¥+ (12¢) PI
& (2’11 + %) Z

Bii3z = yiiar — (T11 — yi1) az + = la(—z11 4+ 2yn) X — §a$11 v+ (12¢) PI
(211 + %) ag ¢ (211 + %) z

Bi14 = (r11 —y11) a1 + w11 @ + = 3a(2x11 —y11) X+ ?ayn v+ (12¢) PI
(2’11 + %) as %C (6211 + 5) Z

Biis = ynai+zna—(z1—3%) a3 = sa (1 +ynn) X+ @a (x11—yn) ¥ - (12¢) PI
%C (3211 - 2) Z

Biie = (211 —y11) a1 —yiiag —zi1a3 = sa(z11 —2y11) X — Lar § —cz1 2 (12¢) PI

Bi17 = —z11a; — (11 — y11) az — = —2a 2z —yn) X+ Layn y — (12c) P1
(211 — 3) as c(a1-3) 2

Biis = —ynar —azay— (211 — é) a3 = —za(rin+yn) K- ?a (x11—y11) ¥ — (12¢) PI
c (Zu — %) Z

Bi11g = —(z11 —y11) a1 + Y1 az — = %a (=211 + 2y11) X+ ?amn N (12¢) PI
G e NERP

Bi2o = ri1a; + (11 —yn) ag — = %a (2211 —yn) X — @ayn y- (12¢) P1I
(211 — %) as %C (6211 - 5) Z

References

[1] B. Ewald, Y. Prots, C. Kudla, D. Griiner, R. Cardoso-Gil, and R. Kniep, Crystal Structure and Thermochemical Properties
of a First Scandium Borophosphate, Sc(Hs O )y [BPOg ] Hy O, Chem. Mater. 18, 673-679 (2006), doi;10.1021/cm0515770.


https://doi.org/10.1021/cm051577o

