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NAT

NAT.1 Zeolite framework type and topology

The framework type code is named after the mineral NATrolite, Na,Al,Si30;, * 2H,0, first found in the
Hegau region of Germany and described by Klaproth [1803Klal, cited after 98Coo1] who also assigned
the mineral name. Natrolite belongs to the group of fibrous zeolites. The essential features of its crystal
structure have been described by Pauling [30Paul] and its details were first worked out by Taylor et al.
[33Tayl].
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Fig. NAT.1.1. The framework structure of NAT-type compounds in the highest possible topological symmetry
1 42 d. View parallel ¢ rotated by 10° about a and 16° about b.
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bgLa bgLa

a The fib chains parallel [001] consisting of des units. b The ket channel enclosed by the fib chains shown in
Units in the rear are dark grey and semi transparent. a).
View parallel [110] rotated by 20° about [001].

a The complete assemblage of fib chains around the ket b The unit cell contents (with some extensions) with
channel. four ket channels shown parallel [001] rotated by
10° about [100] and 16° about [010].

Fig. NAT.1.2. Building scheme of the NAT-type framework.

Landolt-Bornstein
New Series IV/14D



Ref. p. 307] NAT 273

The structures of the fibrous zeolites contain chains (fib units, Fig. NAT.1.2a, and Figs. b in chapter
NAT.3) parallel to ¢ composed of four-rings of tetrahedra in which opposing tetrahedra are joined by a
fifth tetrahedron. These chains mainly determine the fibrous properties of this zeolite. The chains are
further connected forming the three-dimensional framework with the ket channels as shown in Fig.
NAT.1.2.

Minerals with isotypic framework structures are gonnardite (NagsCa;sAlysSijgsOq °~ 12H,0),
mesolite (Na;sCasAlygSizn0n0 = 64H,0), scolecite (CagAliSinOg ° 24H,0), paranatrolite (Najs
Al4Six0g " 24H,0), and tetranatrolite ((Na,Ca)g = AlgSi;;O4 * 8H,0). Dehydrated natrolite was called
metanatrolite by Rinne [1890Rinl]. The names aedelite, apoanalcite, bergmannite, brevicite, crocalite,
echellite, epinatrolite, fargite, galactite, hegauit, hogauit, hydronatrolite, krokalith, laubanite, lehuntite,
mooraboolite, natronite, poonalite, portite, radiolite, ranite, savite, spreustein, verrucite, and weissian,
frequently assigned to natrolite or used to describe NAT-type minerals with special compositions or
particular habits, are discredited and should not be used anymore [98Cool]. The crystal structure of
gonnardite described by [72Amil] is actually the structure determination of a thomsonite, THO.

A K-GaSi-NAT in space goup /2, 2, 2; has been found, but has not been published yet [2006Lee2].

I4/amd, 1
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| | |
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! ! !
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Fig. NAT.1.3 The Bérnighausen tree illustrating the symmetry relationship of the NAT types.
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Table NAT.1.1 Atomic site relationships of the NAT types.

NAT-I
I4/amd

NAT-II
142d

NAT-IV
Fdd2

NAT-XII.1
Fdd2

T1[16(h), . m .]

T2 [4(a), 4m 2]

01 [16(h), . m .]

02 [16(g), .. 2]

03 [8(d),. 2/m ]

T1 [16(e), 1]

T2 [4(a), 4..]

ol [16(e), 1]

02 [16(e), 1]

03 [8(d),.2.]

B ——

T11 [16(b), 1] —T Tlla [16(b), 1]

T12 [16(b), 1] —

— T11b [16(b), 1]
— Tllc [16(b), 1]
— T12a [16(b), 1]
L T12b [16(b), 1]

T2 [8(a),..

011 [16(b), 1]

L T12¢ [16(b), 1]

2] T21 [8(a),..2
thz [16(b), 1]

—T— Olla [16(b), 1

— O11b [16(b), 1
— Ollc [16(b), 1

012 [16(b), 1] ——— 0O12a [16(b), 1

022 [16(b), 1] —

L+ 012b [16(b), 1
L 012¢ [16(b), 1

—— 021b [16(b), 1
— 021c [16(b), 1
— 022a [16(b), 1
—— 022b [16(b), 1

03 [16(b), 1] —T—* 031

]
]
]
]
]
]
021 [16(b), 1] —T— O2la [16(b), 1]
]
]
]
]
]
]

L 022¢ [16(b), 1

[16(b), 1
— 032 [16(b), 1]

]

— 033 [16(b), 1]
NAT-I NAT-II NAT-IV NAT-VIIL.2
I4/amd 1424 Fdd2 Fdll

B ——

T1[16(h), . m .]

T2 [4(a), 4 m 2]

01 [16(h), . m .]

02 [16(g), . . 2]

03 [8(d), . 2/m.]

T1 [16(e), 1]

T2 [4(@a), 4..]

Ol [16(e), 1]

02 [16(e), 1]

03 [8(d),.2.]

_—

T11 [16(b), 1 Tlla [8(a), 1
O T e
T12 [16(b), 1] _E:TIZa [8(a), 1]
T12b [8(a), 1]

T2 [8(a),..2

] —— T

[8(a), 1]

011 [16(b), 1 —|::011 8(a), 1
o 0113 %88; 1}
012 [16(b), 1] —E: 0O12a [8(a), 1]
012b [8(a), 1]

021 [16(b), 1] _|::O2la [8(a), 1]
021b [8(a), 1]

022 [16(b), 1] T 02
022b
03 [16(b), 1] —‘—_—:031
032

8(a), 1]
8(a), 1]

8(a), 1]
8(a), 1]

—r— —r—
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Table NAT.1.1 (continued).

NAT-I NAT-II NAT-1V NAT-VIIL3

T4 /amd 142d Fdd2 Fldl1

T1[16(h), . m .]

T2 [4(a), 4m 2]

01 [16(h), . m .]

02 [16(g), .. 2]

T1 [16(e), 1]

T2 [4(a), 4.

]

01 [16(e), 1]

02 [16(e), 1]

T11 [16(b), 1]
T12 [16(b), 1]
T2 [8(a), ..
011 [16(b), 1]

012 [16(b), 1]

021 [16(b), 1]

022 [16(b), 1

[a—

wmm

I
T

2] —— T2

Tlla [8(a), 1]
T11b [8(a), 1]
T12a [&(a), 1]
T12b [8(a), 1]

[8(a), ..2]

Olla [8(a), 1]
011b [8(a), 1]
012a [8(a), 1]
012b [8(a), 1]

021a [8(a), 1]
021b [8(a), 1]
022a [8(a), 1]
022b [8(a), 1]

03 [8(d), . 2/m.] 03 [8(d),.2.] —* 03 [l6(b), 1] 031 [8(a), 1]
032 [8(a), 1]

NAT-II NAT-IV NAT-VIIL4 NAT-XVI.4

142d Fdd2 F112 C112

T1[16(e), 1]

T2 [4(a), 4. ]

01 [16(e), 1]
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T11 [16(b), 1]

T12 [16(b), 1]

T2 [8(@a),..

011 [16(b), 1]

012 [16(b), 1]

2]

Tlla [8(c), 1]
T11b [8(c), 1]
T12a [8(c), 1]
T12b [8(c), 1]

T21 [4(a), 2]
T22 [4(b), 2]

Olla [8(c), 1]
O11b [8(c), 1]
O12a [8(c), 1]

012b [8(c), 1]

T
T
B
T

_
 —

g
T

g
T

Tllal [4(c),
T1la2 [4(c),
T11bl [4(c),

T11b2 [4(c),

1]
1]
1]
1]
T12al [4(c), 1]
T12a2 [4(c), 1]
T12bl [4(c), 1]
T12b2 [4(c), 1]
T21  [4(c), 1]
T22  [4(c), 1]
Ollal [4(c), 1]
O11a2 [4(c), 1]
011b1 [4(c), 1]
011b2 [4(c), 1]

1]

1]

1]

1]

O12al [4(c),
012a2 [4(c),
0O12b1 [4(c),
012b2 [4(c),
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Table NAT.1.1 (continued).
NAT-II NAT-IV NAT-VIIL4 NAT-XVIL4
142d Fdd2 F112 C112,
02 [16()1]  —T > 021 [160), 1] ——>O2a [8(c),1] — > O2lal [4Ec), 1]
021a2 [4(c), 1]
RO T ot pacon
. 022a2 [4(c), 1]
0220 8. 11— 02261 [4(0). 1]
02262 [4(c), 1]
03 [8(d)..2] —— 03 [16(). 1] ——> 031 [8(c.1] —T 031?) [4(c), 1]
031b  [4(c), 1]
— 032 8,11 T 82%2 {38 H
NAT.2 Compounds and crystal data

Table NAT.2.1

FD = framework

Chemical data.

density CE = cation exchange

TT = thermal treatment

REF = reference

SM = source of material SR = sorbate T = temperature of thermal treatment [K]

code chemical composition M FD SM CE SR TT T REF

NAT-II,142d

NAT1986a01 NagK " AlgSi; O, " 8H,O tetranatrolite 174 M - H,O - - 86Mikl

NATI1986b01 NagsCays AlgsSijgs04 ° gonnardite 173 M - H,O - - 86Mazl
12H,0

NATI1991a01 NasgCajg AlgoSij 04 gonnardite 175 M - H,O - - 91Artl
8H,0

NATI1991a02 NaS,6Cal 6 Alglosi] 140040 ’ gonnardite 174 M - Hzo - - 91Artl
8H,0

NAT1991a03 Na5‘6Ca1‘6 : A19081 11 '0040 ’ gonnardite 172 M - H20 - - 91Artl
8H,O

NATI1991a04 NasCayg AlgoSij 904 gonnardite 173 M - H,O - - 91Artl
8H,0

NATI1991a05 Kgo Alg¢Sij 004  8H,O [K-gonnardite] 162 M K H,O - - 91Artl

NATI1991b01 Nag . GagSi»O4 - 8H,0 Na-GaSi-NAT 17.2 S - H,O - - 91Mall

NAT1995¢01 Nag * AlgSi;»040 ° 8H,O tetranatrolite 178 M - H,O - - 95Rasl

NAT1999b01 Nays,Ca;gs- gonnardite 172 M - H,O - - 99Artl
Alg 50811150040 " 12.61H,0

NAT2000a01 Kg GagSi;n04 6.3H,0 K-GaSi-NAT 164 S - H,O - - 2000Leel

NAT2000b01 Nag. AlgGe 504 8H,O  Na-AlGe-NAT 165 S - H,O - - 2000Tril

NAT2000d01 Nag,sCa; 4781006 ° tetranatrolite 173 M - H,O - - 2000Eval

Al 5551104603987 10.9H,0
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NAT.3 Framework structures

NAT.3.1 NAT-II compounds (/ 42 d, IT #122)

i

A

a Polyhedral representation. (Al,Si)Oy tetrahedra are b The natrolite chain (fib unit). View parallel b rotated
hatched. View parallel ¢ rotated by 5° about a and b. by 10° about a and 2° about c.

¢ Polyhedral representation. View parallel b rotated by 2°  d Ball and stick model corresponding to a).
about a and c.

Fig. NAT.3.1.1 Projections of the NAT-II crystal structure of tetranatrolite Nag * AlgSi;,049 * 8H,O (NAT1995¢01,
95Rasl).
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Table NAT.3.1.1 Atomic coordinates and site definitions for tetranatrolite Nag * AlgSi;,O4 * 8H,O
(NAT1995c01, 95Ras1).

atom X y z B [A2] Site Wyckoff  no. of atoms
symmetry position  in unit cell

(Si,AD1  -0.0576(2) 0.8662(2) 0.6209(6) 0.7(1) 1 16(e) 8/8

Si2 0 0 0 0.7(1) 4. 4(a) 4

01 -0.0448(7) 0.9090(6) 0.864(2) 1.6(2) 1 16(e) 16

02 0.1381(8) 0.0589(7) 0.487(2) 1.9(2) 1 16(e) 16

03 0.8878(9) 3/4 5/8 1.2(2) 2. 8(d) 8

Nal 0.6895(6) 1/4 1/8 2.1(1) 2. 8(d) 8

oW1 0.132(1) Va 1/8 2.5(3) 2. 8(d) 8

H1 0.07(1) 0.21(1) 0.03(3) 3 1 16(e) 16

Table NAT.3.1.2 Selected interatomic distances and angles for tetranatrolite Nag = AlgSi;;O4 = 8H,0
(NAT1995¢01, 95Rasl).

T-O[A] T-0O-T[ T-O[A] T-0-T[%
(Si,AD1 - O3 1.678(6) 129.7(7) Si2 - 01 1.599(10)  143.7(7)
(SiL,AD1 - 02 1.681(10)  136.6(7) Si2 - 01 1.599(10)  143.7(7)
(Si,AD1 - 02 1.686(11)  136.6(7) Si2 - 01 1.599(10)  143.7(7)
(Si,AD1 - O1 1.703(13)  143.7(7) Si2 - 01 1.599(10)  143.7(7)
mean 1.687 136.7 mean 1.599 143.7

NAT.3.2 NAT-IV compounds (Fdd2,IT #43)

Table NAT.3.2.1 Atomic coordinates and site definitions for natrolite Na;g * Al;Si,4030 * 16H,O
(NAT1993b01, 93Stu2).

atom  x y z B [A2] Site Wyckoff  no. of atoms
symmetry position  in unit cell
Alll  0.46261(1) 0.40626(1) 0.61525(2) 0.48 1 16(b) 16
Sil2  0.34677(1) 0.78865(1) 0.12273(2) 0.46 1 16(b) 16
Si2 0 0 0 0.53 .2 8(a) 8
Ol11 0.47731(2) 0.43147(1) 0.86619(5) 1.14 1 16(b) 16
012  0.31965(1) 0.77267(2) 0.89022(4) 1.17 1 16(b) 16
021 0.09850(1) 0.03512(1) 0.50019(5) 1.04 1 16(b) 16
022  0.70637(1) 0.15267(2) 0.22579(4) 1.03 1 16(b) 16
03 0.42990(1) 0.31817(1) 0.60974(4) 0.68 1 16(b) 16
Nal 0.22074(1) 0.03077(1) 0.61761(4) 1.32 1 16(b) 16
OW1 0.05648(2) 0.18951(2) 0.11087(7) 1.75 1 16(b) 16
H1 0.0520(7)  0.1440(6)  0.057(2) 4.34 1 16(b) 16
H2 0.1010(6)  0.1883(6)  0.161(2) 4.34 1 16(b) 16
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a Polyhedral representation. AlO, tetrahedra are hatched. b The natrolite chain (fib unit). View parallel b rotated
View parallel ¢ rotated by 4° about a and b. by 5° about a and 1° about c.

¢ Polyhedral representation. View parallel [110] rotated d Ball and stick model corresponding to a).
by 1° about [1 1 0] and [001]. Scale is 84 % of a).

Fig. NAT.3.2.1 Projections of the NAT-1V crystal structure of natrolite Na;g = Al;651,40g9 * 16H,O (NAT1993b01,
93Stu2).
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Table NAT.3.2.2 Selected interatomic distances and angles for natrolite Na¢ * Al;¢SipOgp * 16H,O
(NAT1993b01, 93Stu2).

T-0 [A] T-0-T[°] T-O[A] T-0O-T[
All-021 1.73733)  138.71(1) Sil2- 021 1.6115(3)  138.71(1)
All-011 1.7394(4)  140.91(2) Sil12 - 022 1.6132(3)  135.02(1)
All-022 1.74493)  135.02(1) Si12-03 1.6196(2)  129.76(1)
All-03 1.74792)  129.76(1) Si12 - 012 1.6372(3)  144.53(2)
mean 1.7424 136.10 mean 1.6204 137.01
Si2 - 011 1.6066(3)  140.91(2)
Si2 - 011 1.6066(3)  140.91(2)
Si2 - 012 1.6294(3)  144.53(2)
Si2 - 012 1.6294(3)  144.53(2)
mean 1.6180 142.72

NAT.3.3 NAT-XIIL.1 compounds (Fdd2,IT #43)

Table NAT.3.3.2 Selected interatomic distances and angles for mesolite, Na,s 9,Cajg3 * Alyg 005171840040 °
64H,0 (NAT2000c01, 2000Stul).

T-0 [A] T-0-T[°] T-O[A] T-0O-T[)

Al 11a - O22b 1.731(1) 136.4(1) Al1lb-021la 1.727(1) 143.2(1)
Al 1la-021b 1.737(1) 129.5(1) Al 11b- 032 1.733(1) 134.5(1)
Allla-Olla 1.739(1) 148.0(1) Al11b-0Ol11b 1.736(1) 139.4(1)
Al 1la- 031 1.741(1) 136.7(1) Al 11b - O22¢ 1.763(1) 126.7(1)
mean 1.737 137.8 mean 1.740 136.0

Al llc - O22a 1.744(1) 135.1(1) Sil2a-02la 1.606(1) 143.2(1)
Al 1llc - 033 1.748(1) 131.5(1) Sil2a- 033 1.611(1) 131.5(1)
Al llc-Ollc 1.749(1) 133.2(1) Sil2a - O22¢ 1.630(1) 126.7(1)
Al llc-02l1c 1.756(1) 135.2(1) Sil2a - O12a 1.633(1) 144.1(1)
mean 1.749 133.8 mean 1.620 136.4

Si12b - O22b 1.599(1) 136.4(1) Sil2c - O21b 1.611(1) 129.5(1)
Sil2b - 031 1.614(1) 136.7(1) Sil2c - 022a 1.617(1) 135.1(1)
Sil2b - O21c 1.634(1) 135.2(1) Sil2c - 032 1.620(1) 134.5(1)
Sil2b - O12b 1.643(1) 133.4(1) Sil2c - O12¢ 1.629(1) 153.6(1)
mean 1.622 1354 mean 1.619 138.2

Si21-0l11b 1.605(1) 139.4(1) Si22 - Olla 1.596(1) 148.0(1)
Si21-011b 1.605(1) 139.4(1) Si22 - Ollc 1.612(1) 133.2(1)
Si21 - 012a 1.633(1) 144.1(1) Si22 - O12¢ 1.618(1) 153.6(1)
Si21-012a 1.633(1) 144.1(1) Si22 - O12b 1.644(1) 133.4(1)
mean 1.619 141.8 mean 1.618 142.1
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a Polyhedral representation. AlO, tetrahedra are hatched. b The natrolite chain (fib unit). View parallel b rotated
View parallel ¢ rotated by 4° about a and b. by 5° about a and 1° about c.

¢ Polyhedral representation. View approximately parallel [310].

Fig. NAT.3.3.1 Projections of the NAT-XII.1 crystal structure of mesolite, Na;s9,Cayg3, * Alyg0oSiz1.840240 * 64H,0
(NAT2000c01, 2000Stul).
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Table NAT.3.3.1 Atomic coordinates and site definitions for mesolite, Na;s5.0,Ca 35 * Alsg 00Si71.840040 "
64H,0 (NAT2000c01, 2000Stul).

atom  x y z B[A2] Site Wyckoff  no. of atoms
symmetry position  in unit cell
Allla 0.45151(2)  0.13765(1) 0.6430(1) 0.52 1 16(b) 16
Alllb  0.46308(2) 0.46976(1) 0.6131(1)  0.50 1 16(b) 16
Alllc 0.46373(2) 0.80211(1) 0.6430(1) 0.52 1 16(b) 16
Sil2a  0.34500(2)  0.26431(1) 0.1222(1)  0.49 1 16(b) 16
Sil2b  0.33791(2)  0.59687(1) 0.1522(1)  0.52 1 16(b) 16
Sil2c  0.34815(2)  0.93021(1) 0.1506(1)  0.50 1 16(b) 16
Si21 0 0 0 0.55 .2 8(a) 8
Si22  -0.00431(2)  0.33181(1) 0.0275(1)  0.53 1 16(b) 16
Olla  0.48495(6) 0.14682(2) 0.8783(2) 1.16 1 16(b) 16
Ollb  0.48192(6) 0.47711(2) 0.8649(2) 1.02 1 16(b) 16
Ollc  0.47710(5) 0.80807(2) 0.9023(2) 0.95 1 16(b) 16
Ol12a  0.31979(5) 0.25698(2) 0.8916(2) 1.04 1 16(b) 16
O12b  0.32621(5) 0.58890(2) 0.9132(2) 0.94 1 16(b) 16
O12¢  0.31269(5)  0.92206(2) 0.9339(2) 1.05 1 16(b) 16
O21a  0.09344(5) 0.00870(2) 0.5153(2) 0.97 1 16(b) 16
O21b  0.11068(5)  0.34186(2) 0.5516(2) 0.97 1 16(b) 16
021c  0.09621(5) 0.67664(2) 0.5447(2) 0.90 1 16(b) 16
022a  0.70582(5)  0.05064(2) 0.2530(2) 1.01 1 16(b) 16
022b  0.72813(5)  0.38646(2) 0.2179(2)  0.99 1 16(b) 16
022c¢  0.70948(5)  0.71538(2) 0.2093(2)  0.87 1 16(b) 16
031 0.41645(5) 0.10931(2) 0.6711(2)  0.79 1 16(b) 16
032 0.42641(5) 0.44166(2) 0.5965(2) 0.70 1 16(b) 16
033 0.42741(5) 0.77381(2) 0.6136(2) 0.71 1 16(b) 16
Nal 0.71747(3)  0.51095(1) 0.6316(2) 1.51 1 16(b) 16
Cal -0.02197(1)  0.57739(1) 0.8815(1)  0.92 1 16(b) 16
OwW60  0.5315(1) 0.56608(3) 0.0760(3)  2.79 1 16(b) 16
OW61 -0.04922(8)  0.59820(3) 0.1835(3) 2.46 1 16(b) 16
OW62 0.80341(7)  0.51845(2) 0.3771(3) 1.67 1 16(b) 16
OW7  0.56792(6) 0.60685(2) 0.3648(3) 2.06 1 16(b) 16
H61 0.523(1) 0.5544(3)  0.009(5) 3.16 1 16(b) 16
H62 0.573(1) 0.5699(7)  0.038(8)  14.21 1 16(b) 16
H63 0.910(1) 0.5935(6)  0.234(6)  11.05 1 16(b) 16
H64 -0.033(1) 0.6068(5)  0.269(4) 4.74 1 16(b) 16
H65 0.796(1) 0.5321(3)  0.316(5) 3.95 1 16(b) 16
H66 0.845(1) 0.5197(4)  0.430(5) 3.95 1 16(b) 16
H71 0.612(1) 0.6040(6)  0.315(8)  11.05 1 16(b) 16
H72 0.555(2) 0.6213(4)  0.330(9) 12.63 1 16(b) 16
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NAT.3.4 NAT-VIIL2 compounds (Fd11,IT #9)

Crystal structure projections are essentially identical with Fig. NAT.3.2.1.

Table NAT.3.4.1 Atomic coordinates and site definitions for scolecite, Ca; g, * Al;563Si23.900g9 * 16H,O
(NAT1972a03, 72Adil).

atom X y z B [A?] Site Wyckoff  no. of atoms
symmetry position  in unit cell
Allla  0.4563(3) 0.4192(4)  0.615(1) 0.93(9) 1 8(a) 8
Alllb  0.5379(3) 0.5986(4)  0.615(1) 0.93(9) 1 8(a) 8
Sil2a 0.3403(3) 0.8007(4)  0.119(1) 0.91(8) 1 8(a) 8
Sil2b 0.6563(2) 0.2153(3)  0.129(1) 0.81(8) 1 8(a) 8
Si2 0 0 0 1.03(8) 1 8(a) 8
Olla 0.4810(7) 0.4302(7) 0.874(2) 1.4(2) 1 8(a) 8
Ol1b 0.5146(7) 0.5665(7)  0.860(2) 1.7(2) 1 8(a) 8
O12a 0.3165(7) 0.7654(7)  0.905(2) 1.3(2) 1 8(a) 8
O12b 0.6759(6) 0.2339(7)  0.886(2) 1.3(2) 1 8(a) 8
O2la 0.1007(6) 0.0381(7)  0.518(2) 1.0(2) 1 8(a) 8
021b 0.9017(7)  -0.0088(8) 0.541(3) 1.9(2) 1 8(a) 8
022a 0.7168(7) 0.1600(7)  0.214(2) 1.5(2) 1 8(a) 8
022b 0.2827(7) 0.8582(8)  0.197(2) 1.6(2) 1 8(a) 8
031 0.4195(6) 0.3352(7)  0.582(2) 1.1(2) 1 8(a) 8
032 0.5779(7) 0.6830(7)  0.642(2) 1.3(2) 1 8(a) 8
Cal 0.2319(2) 0.0288(3)  0.610(1) 1.25(7) 1 8(a) 8
oW1 0.9522(9) 0.8090(9)  0.080(3) 2.8(3) 1 8(a) 8
ow2 0.045(1) 0.222(1) 0.179(3) 1.6(3) 1 8(a) 8

Table NAT.3.4.2 Selected interatomic distances and angles for scolecite, Ca; g, * Aljs685123.90030 * 16H,0
(NAT1972a03, 72Adil).

T-0 [A] T-0-T[°] T-0 [A] T-0-T[]
Al 1la- 031 1.74(2) 134(1) Al 11b - O22b 1.72(2) 130(1)
Al 1la - O22a 1.74(2) 134(1) Al1lb-02la 1.75(1) 133(1)
Allla-Olla 1.77(2) 131(1) Al1lb-Ol11b 1.77(2) 147(1)
Al 1la-021b 1.77(2) 133(1) Al 11b - 032 1.77(2) 137(1)
mean 1.76 133 mean 1.75 138
Sil2a - 021b 1.59(2) 133(1) Sil2b - 032 1.58(1) 137(1)
Sil2a - 022b 1.61(2) 130(1) Sil2b - 022a 1.63(1) 134(1)
Sil2a - O12a 1.61(2) 146(1) Sil2b - O21a 1.65(2) 133(1)
Sil2a - O31 1.63(1) 134(1) Sil2b - O12b 1.66(2) 137(1)
mean 1.61 136 mean 1.63 135
Si2 - Ol11b 1.57(1) 147(1)
Si2 - Olla 1.59(1) 131(1)
Si2 - O12a 1.62(1) 146(1)
Si2 - O12b 1.67(1) 137(1)
mean 1.61 140
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NAT.3.5 NAT-VIIL.3 compounds (F 1d 1, IT #9)

Crystal structure projections are essentially identical with Fig. NAT.3.2.1.

Table NAT.3.5.1 Atomic coordinates and site definitions for scolecite, Cag * Al;Si4Og9 © 24H,0
(NAT1997a01, 97Stul).

atom X y z B[A?] Site Wyckoff  no. of atoms
symmetry position  in unit cell
Allla  0.45014(1) 0.41292(1) 0.61564(4) 0.49 1 8(a) 8
Alllb  0.53302(1) 0.59168(1) 0.61120(3) 0.46 1 8(a) 8
Sil2a 0.33444(1)  0.79244(1) 0.12550(3) 0.45 1 8(a) 8
Sil2b 0.64989(1)  0.20685(1) 0.12019(3) 0.46 1 8(a) 8
Si2 0 0.00440(1) O 0.48 1 8(a) 8
Olla 0.48314(3) 0.43812(2) 0.85594(8) 1.01 1 8(a) 8
Ollb 0.51589(3) 0.57450(2) 0.86835(7) 0.92 1 8(a) 8
O12a 0.32178(2)  0.76486(3) 0.88908(7) 0.88 1 8(a) 8
O12b 0.68275(2)  0.23369(3) 0.90256(7) 0.96 1 8(a) 8
O2la 0.09211(2)  0.02626(2) 0.52419(7) 0.85 1 8(a) 8
021b 0.89248(2) -0.02049(2) 0.53072(7) 0.97 1 8(a) 8
022a 0.70456(2)  0.14622(2) 0.20885(8) 0.90 1 8(a) 8
022b 0.26956(2)  0.84358(2) 0.18755(8) 0.95 1 8(a) 8
031 0.41280(2) 0.32898(2) 0.64013(7) 0.72 1 8(a) 8
032 0.57062(2) 0.67464(2) 0.57552(7) 0.68 1 8(a) 8
Cal 0.47393(1) 0.73179(1) 0.36470(3) 0.87 1 8(a) 8
OWI11  0.53024(8) 0.70120(5) 0.0625(2)  2.59 1 8(a) 8
OWI12  0.44574(5) 0.79528(6) 0.6629(2)  2.30 1 8(a) 8
OwW3 0.56282(4) 0.82040(3) 0.3583(2) 1.92 1 8(a) 8
H11 0.514(3) 0.667(2) 0.006(7) 6.63 1 8(a) 8
H12 0.567(2) 0.727(2) 0.020(6) 4.11 1 8(a) 8
H13 0.421(2) 0.772(2) 0.714(6) 5.05 1 8(a) 8
H14 0.484(3) 0.800(3) 0.728(9) 7.82 1 8(a) 8
H31 0.606(2) 0.819(2) 0.332(5) 3.95 1 8(a) 8
H32 0.550(2) 0.861(2) 0.378(5) 3.63 1 8(a) 8

Table NAT.3.5.2 Selected interatomic distances and angles for scolecite, Cag = Al;sSi»4Ogp = 24H,0
(NAT1997a01, 97Stul).

T-0 [A] T-0-TI[°] T-0 [A] T-0-T[]

Allla-021b  1.740(1) 134.22(3) Al 11b- 032 1.738(1) 133.14(3)
Allla-Olla  1.743(1) 143.97(3) Al 11b-Ol11b 1.742(1) 134.74(3)
Al 11a- 031 1.744(1) 138.21(3) Al11b-02la 1.753(1) 135.11(3)
Allla-022b  1.746(1) 133.27(3) Al 11b - 022a 1.766(1) 127.59(3)
mean 1.743 137.42 mean 1.749 132.65

Sil2a - 022b 1.599(1) 133.27(3) Sil2b - 021b 1.605(1) 134.22(3)
Sil2a - 031 1.609(1) 138.21(3) Sil2b - 032 1.613(1) 133.14(3)
Sil2a-021a 1.630(1) 135.11(3) Sil2b - 012b 1.632(1) 151.06(3)
Sil2a-0O12a 1.643(1) 134.12(3) Sil2b - 022a 1.634(1) 127.59(3)
mean 1.620 135.18 mean 1.621 136.50
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Table NAT.3.5.2 (continued)
T-O[A] T-0-T[° T-0[A] T-0-T[]
Si2 - Olla 1.599(1) 143.97(3) Si2 - O12b 1.618(1) 151.06(3)
Si2 - O11b 1.612(1) 134.74(3) Si2 - 012a 1.642(1) 134.12(3)
mean 1.618 140.97

NAT.3.6 NAT.VIIL4 compounds (F 112, IT #5)

a Polyhedral representation. AlO, tetrahedra are hatched.
View parallel ¢ rotated by 4° about a and b.

¢ Polyhedral representation. View parallel [110] rotated
by 1° about [1 10] and [001]. Scale is 80 % of a).

bra

b The natrolite chain (fib unit). View parallel b
rotated by 10° about a and 1° about c.

d Ball and stick model corresponding to a).

Fig. NAT.3.6.1 Projections of the NAT-VIIL4 crystal structure of metanatrolite, Na;¢ * Al;S1240g9 (NAT1996a01,

96Baul).
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Table NAT.3.6.1 Atomic coordinates and site definitions for metanatrolite, Na g * Al;6Si»4Ogo (NAT1996a01,
96Baul).

atom  x y z B[A2] Site Wyckoff  no. of atoms
symmetry position  in unit cell
Allla 0.0264(2) 0.1055(1) 0.6050(5) 2.27(6) 1 8(c) 8
Alllb 0.7676(1) 0.1424(1) 0.3613(5) 2.39(7) 1 8(c) 8
Sil2a  0.3629(1) 0.2650(1) 0.6151(4) 2.31(6) 1 8(c) 8
Sil2b 0.1104(1)  -0.0214(1) 0.3617(4) 2.20(6) 1 8(c) 8
Si21 0 0 -0.01031(6)  2.50(9) 2 4(a) 4
Si22 % Ya 0.2408(6) 24009) 2 4(b) 4
Olla 0.4587(3) 0.4299(3) 0.860(1) 3.9(1) 1 8(c) 8
Ollb 0.7641(3) 0.8289(3) 0.1100(9) 3.32(9) 1 8(c) 8
Ol12a 0.3312(3) 0.7350(3) 0.887(1) 3.6(1) 1 8(c) 8
O12b  0.5721(4) 0.4586(3) 0.132(1) 3.6(1) 1 8(c) 8
O21a 0.0905(4) 0.0699(3) 0.405(1) 3.8(1) 1 8(c) 8
021b  0.6465(4) 0.8033(4) 0.783(1) 3.9(1) 1 8(c) 8
022a  0.3084(4) 0.8407(4) 0.180(1) 4.3(1) 1 8(c) 8
022b  0.5724(4) 0.4243(3) 0.544(1) 3.8(1) 1 8(c) 8
031 0.4588(4) 0.2916(3) 0.595(1) 3.4(1) 1 8(c) 8
032 0.7083(4) 0.9584(3) 0.848(1) 3.1(1) 1 8(c) 8
Nal 0.0620(4) 0.1828(4) 0.132(1) 7.4(2) 1 8(c) 7.5(1)
Na2 0.3110(9) 0.063(1) 0.329(2) 5.2(3) 1 8(c) 3.76
Na2l  0.287(1) 0.0728(8) 0.399(2) 5.6(4) 1 8(c) 3.76

Table NAT.3.6.2 Selected interatomic distances and angles for metanatrolite, Najs ~ Alj6SinOg
(NAT1996a01, 96Baul).

T-O[A] T-0-T[ T-O[A] T-0-T[

Al 11a - O22b 1.727(7) 133.4(4) Al 11b - O22a 1.724(7) 134.3(5)
Al lla-02la 1.762(7) 125.2(4) Al 11b-021b 1.746(7) 131.1(4)
Allla-Olla 1.763(7) 133.0(4) Al11b-Ol1b 1.751(6) 132.3(3)
Al 11a- 031 1.770(6) 113.7(4) Al 11b- 032 1.762(6) 114.8(4)
mean 1.755 126.3 mean 1.746 128.1

Sil2a - O21b 1.595(7) 131.1(4) Sil2b - O21a 1.613(6) 125.2(4)
Sil2a - 022a 1.617(7) 134.3(5) Sil2b - 022b 1.616(6) 133.4(4)
Sil2a - 031 1.626(7) 113.7(4) Si12b - 032 1.627(7) 114.8(4)
Sil2a - Ol12a 1.640(7) 135.8(4) Si12b - O12b 1.642(8) 133.0(4)
mean 1.620 128.7 mean 1.624 126.6

Si21 - Olla 1.605(5) 133.0(4) Si22 - Ol1b 1.602(6) 132.3(3)
Si21 - Olla 1.605(5) 133.0(4) Si22 - Ol1b 1.602(6) 132.3(3)
Si21 - O12b 1.644(7) 132.3(4) Si22 - O12a 1.637(6) 135.8(4)
Si21-012b 1.644(7) 132.3(4) Si22 - O12a 1.637(6) 135.8(4)
mean 1.625 132.7 mean 1.620 134.1
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NAT.3.7 NAT-XVL4 compounds (C112,, IT #5)

Crystal structure projections are essentially identical with Fig. NAT.3.2.1.

Table NAT.3.7.1 Atomic coordinates and site definitions for NH,-natrolite, (NHy) ¢ Al;6Si,4Ogq
(NAT1992a01, 92Stul).

atom X y z B [A?] Site Wyckoff  no. of atoms
symmetry position in unit cell
AllTA  0.03541(6)  0.09234(5)  0.6170(2) 0.68 1 4(c) 4
AlllB 0.03511(6)  0.59761(5)  0.1169(2) 0.67 1 4(c) 4
AllIC 0.78664(6)  0.15342(6)  0.3645(2) 0.68 1 4(c) 4
AIlID  0.78416(6)  0.65594(6)  0.8653(2) 0.68 1 4(c) 4
Sil2A 0.34558(4)  0.28565(5)  0.6255(2) 0.67 1 4(c) 4
Sil2B 0.35124(4)  0.78483(5)  0.1245(2) 0.64 1 4(c) 4
Si12C 0.09972(5) -0.03602(5)  0.3742(2) 0.73 1 4(c) 4
Si12D 0.09742(5)  0.46684(5)  0.8731(1) 0.67 1 4(c) 4
Si21 -0.00034(7) -0.00714(3)  0.0007(2) 0.80 1 4(c) 4
Si22 0.24290(3)  0.24993(7)  0.2496(2) 0.91 1 4(c) 4
Ol1A 0.4839(1) 0.4191(1) 0.8726(4) 1.26 1 4(c) 4
Ol11B 0.4884(1) 0.9371(1) 0.3579(4) 1.38 1 4(c) 4
O11C 0.7313(1) 0.8228(1) 0.1196(4) 1.61 1 4(c) 4
O11D 0.7409(1) 0.3211(1) 0.6146(4) 1.64 1 4(c) 4
O12A 0.3326(1) 0.7666(1) 0.8803(3) 1.29 1 4(c) 4
O12B 0.3132(1) 0.2613(2) 0.3998(4) 1.59 1 4(c) 4
o12C 0.5748(2) 0.4829(1) 0.1414(4) 1.69 1 4(c) 4
012D 0.5736(1) 0.9936(1) 0.6476(4) 1.49 1 4(c) 4
O21A 0.1022(1) 0.0382(1) 0.5054(5) 1.67 1 4(c) 4
021B 0.0985(1) 0.5345(1) 0.0275(5) 1.53 1 4(c) 4
021C 0.6496(1) 0.7872(1) 0.7583(5) 1.65 1 4(c) 4
021D 0.6495(1) 0.2821(1) 0.2805(4) 1.24 1 4(c) 4
022A 0.2928(1) 0.8439(1) 0.2049(4) 1.42 1 4(c) 4
022B 0.2955(1) 0.3487(1) 0.7227(4) 1.54 1 4(c) 4
022C 0.5439(1) 0.4052(2) 0.4688(4) 1.61 1 4(c) 4
022D 0.5396(1) 0.9052(1) -0.0520(4) 1.04 1 4(c) 4
O31a 0.4297(1) 0.3147(1) 0.5870(4) 0.99 1 4(c) 4
O31b 0.4348(1) 0.8180(1) 0.1280(4) 0.89 1 4(c) 4
032a 0.6816(1) 0.9365(1) 0.8569(5) 1.12 1 4(c) 4
032b 0.6843(1) 0.4335(1) 0.3604(5) 1.09 1 4(c) 4
N1 0.4474(1) 0.2852(1) 0.0900(3) 1.64 1 4(c) 4
H11 0.425(1) 0.287(1) 0.224(3) 1.64 1 4(c) 4
HI2 0.454(1) 0.3353(9) 0.054(4) 1.64 1 4(c) 4
H13 0.495(1) 0.264(1) 0.091(3) 1.64 1 4(c) 4
H14 0.415(1) 0.261(1) 0.001(3) 1.64 1 4(c) 4
N2 0.4741(1) 0.8104(1) 0.6512(4) 1.69 1 4(c) 4
H21 0.509(1) 0.837(1) 0.740(3) 1.69 1 4(c) 4
H22 0.454(1) 0.840(1) 0.547(3) 1.69 1 4(c) 4
H23 0.429(1) 0.789(1) 0.719(3) 1.69 1 4(c) 4
H24 0.495(1) 0.771(1) 0.583(3) 1.69 1 4(c) 4
N3 0.7208(2) 0.4438(2) 0.8947(5) 2.94 1 4(c) 4
H31 0.731(1) 0.410(1) 0.786(3) 2.94 1 4(c) 4
H32 0.725(1) 0.422(1) 0.027(3) 2.94 1 4(c) 4
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Table NAT.3.7.1 (continued)

atom X y z By [ A2 Site Wyckoff  no. of atoms

symmetry position  in unit cell

H33 0.752(1) 0.486(1) 0.886(4) 2.94 1 4(c) 4

H34 0.671(1) 0.461(1) 0.863(4) 2.94 1 4(c) 4

N4 0.2940(2) 0.5437(2) 0.8640(7) n.p.d. 1 4(c) 4

H41 0.277(2) 0.576(1) 0.762(4) n.p.d. 1 4(c) 4

H42 0.334(1) 0.516(1) 0.817(5) n.p.d. 1 4(c) 4

H43 0.309(2) 0.571(1) 0.978(3) n.p.d. 1 4(c) 4

H44 0.252(1) 0.514(2) 0.909(4) n.p.d. 1 4(c) 4

Table NAT.3.7.2 Selected interatomic distances and angles for NH,-natrolite, (NHy) 6" Al16Si24Og0
(NAT1992a01, 92Stul).

T-O[A] T-0-TI[° T-O[A] T-0-T[

Al11A-0O11B 1.717(3) 144.9(2) Al 11B - 022C 1.714(2) 139.0(2)
Al11A - O21A 1.718(2) 134.2(1) Al11B-021B 1.725(2) 136.7(1)
Al11A-031b  1.734(Q2) 130.0(1) Al11B -Ol11A 1.731(3) 133.0(1)
Al11A -022D 1.738(2) 132.1(1) Al11B -O31a 1.742(2) 128.7(1)
mean 1.727 135.3 mean 1.728 134.4

Al11C-021C  1.725(2) 139.1(1) Al 11D - O22A 1.730(2) 136.2(1)
Al11C-022B  1.738(2) 132.1(1) Al 11D - 021D 1.736(2) 132.2(1)
Al 11C - 032a 1.749(2) 129.0(1) Al 11D - O32b 1.739(2) 129.1(1)
Al11C-011C 1.752(3) 137.5(1) Al11D -O11D 1.740(3) 139.4(1)
mean 1.741 134.4 mean 1.737 134.2

Sil2A - O22B 1.597(2) 132.1(1) Si12B - 021C 1.587(3) 139.1(1)
Sil2A - 021D 1.608(2) 132.2(1) Sil2B - O22A 1.597(2) 136.2(1)
Sil2A - O31a 1.617(2) 128.7(1) Sil12B - O31b 1.615(2) 130.0(1)
Sil2A - O12B 1.646(3) 148.9(2) Si12B - O12A 1.663(2) 135.0(1)
Mean 1.617 135.5 Mean 1.616 135.1

Si12C - 022C 1.596(3) 139.0(2) Sil2D - O21B 1.601(3) 136.7(1)
Sil12C - O21A 1.612(3) 134.2(1) Si12D - 012D 1.610(3) 142.3(2)
Sil2C - 032b 1.617(2) 129.1(1) Si12D - O32a 1.610(2) 129.0(1)
Si12C - 012C 1.622(3) 140.8(2) Si12D - 022D 1.611(2) 132.1(1)
mean 1.612 135.8 mean 1.608 135.0

Si21-011B 1.604(2) 144.9(2) Si22 - O11C 1.600(2) 137.5(1)
Si21 - O11A 1.618(2) 133.0(1) Si22 - 011D 1.602(2) 139.4(1)
Si21 -012C 1.639(4) 140.8(2) Si22 - O12B 1.609(2) 148.9(2)
Si21-012D 1.644(2) 142.3(2) Si22 - O12A 1.627(2) 135.0(1)
mean 1.626 140.3 mean 1.609 140.2
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NAT.4 Chemical composition
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Fig. NAT.4.1 Chemical elements (highlighted) occurring in NAT-type compounds. Framework cations are in grey

fields.
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Fig. NAT.5.1 Histogram of 42 unit cell constants a of
aluminosilicates of NAT-type determined by single
crystal methods in space groups Fdd2, F1d1, F112 and
C112,, but excluding mesolite samples. The extreme
values of a are 16.223 A and 18.971 A, the mean value
is 17.974 A.
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Fig. NAT.5.2 Histogram of 42 unit cell constants b of
aluminosilicates of NAT-type determined by single
crystal methods in space groups Fdd2, F1d1, F112 and
C112,, but excluding mesolite samples. The extreme
values of b are 17.018 A and 19.204 A, the mean value
is 18.382 A.

Fig. NAT.5.3 Histogram of 42 unit cell constants ¢ of
aluminosilicates of NAT-type determined by single
crystal methods in space groups Fdd2, F1d1, F112 and
C112,, but excluding mesolite samples. The extreme
values of ¢ are 6.385 A and 6.608 A, the mean value is
6.537 A. Observe: the scale on the abscissa in this
diagram is different from Figures NAT.5.1 and
NAT.5.2.
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Fig. NAT.5.4 Mean T-O-T angles from 42 single
crystal structure determinations of aluminosilicates of
NAT-type performed in space groups Fdd2, Fldl,
F112 and C112}, but excluding mesolite samples, are
plotted against the unit cell volume, V. The extreme
values of V are 1777 A® and 2402 A3, the mean is
2163 A’. The extreme values of T-O-T(mean) are
129.1° and 140.6°, mean 136.4°. The line is a least-
squares fit to all points.
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Fig. NAT.5.6 Indidvidual angles T-O2-T from 42
single crystal structure determinations of
aluminosilicates of NAT-type performed in space
groups Fdd2, Fldl, F112 and C112,, but excluding
mesolite samples, are plotted against the unit cell
volume, V. The plot shows 124 pairs of experimental
values. The extreme values of V are 1777 A® and 2402
A3, the mean is 2163 A°. The extreme values of T-02-
T are 125.2° and 145.3°, the mean is 135.0°. The line
is a least-squares fit to all points.
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Fig. NAT.5.5 Individual angles T-O1-T from 42 single
crystal structure determinations of aluminosilicates of
NAT-type performed in space groups Fdd2, Fl1d1, F112
and C112,, but excluding mesolite samples, are plotted
against the unit cell volume, V. The plot shows 124 pairs
of experimental values. The extreme values of V are
1777 A® and 2402 A’, the mean is 2163 A’. The
extreme values of T-OI1-T are 132.7° and 152.4°, the
mean is 140.5°. The line is a least-squares fit to all
points.
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Fig. NAT.5.7 Individual angles T-O3-T from 42 single
crystal structure determinations of aluminosilicates of
NAT-type performed in space groups Fdd2, Fld1, F112
and C112,, but excluding mesolite samples, are plotted
against the unit cell volume, V. The plot shows 62 pairs
of experimental values. The extreme values of V are
1777 A’ and 2402 A’ the mean is 2163 A’. The
extreme values of T-O3-T are 113.9° and 142.8°, the
mean is 128.0°. The line is a least-squares fit to all
points.

2000

When Pauling described the crystal structure of the NAT-type framework [30Paul] he pointed out
that the fib chains could rotate about their axes and cause the structure to collapse: the 8-ring pores
between the fibers would become smaller and consequently the a and b unit cell constants would shrink.
One can see that clearly when observing the spread of the unit cell constants a and b in a number of
NAT-type frameworks filled with various cations and either in the hydrated or the dehydrated state
(Figs. NAT.5.1 and NAT.5.2). The ratio between the largest and the smallest a and b cell constants are
1.17 and 1.12, while for the ¢ constants it is 1.04. The latter value is similar to ratios encountered for the
noncollapsible [92Baul] frameworks of the FAU- or LTA-types. In a collapsible framework the mean T-
O-T angle decreases as the volume of the unit cell becomes smaller (Fig. NAT.5.4). The same is true of
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the individual angles T-O1-T, T-O2-T and T-O3-T (Figs. NAT.5.5, NAT.5.6 and NAT.5.7). All these
angles corotate [92Baul] as the framework collapses. The slope is steepest for T-O3-T vs. volume,
because the oxygen atoms O3 connect the fib chains and serve as hinges between them as they rotate.
The T-O3-T angle of 113.9° in NAT1996a04 is the narrowest such angle observed in any aluminosilicate
or silicate. Such small angles are one of the limiting factors halting the further collapse of a tetrahedral
aluminosilicate framework [92Bau2, 95Baul]. The mean angle of 136° in NAT-type compounds is
clearly smaller than the maximum of the distribution of T-O-T angles in aluminosilicate zeolites (about
143° [95Baul]).

The 8-ring openings in the framework of natrolite have free diameters ranging from about 2.5 A to 4
A. Inasmuch as the framework can easily expand and collapse the actual values can vary considerably.

NAT.6 Other information

NAT-type compounds are mentioned in a few patents and patent applications. However, it does not
appear that many useful applications of NAT-type compounds are known.

The chemistry of gonnardite, mesolite, natrolite, paranatrolite, scolecite and tetranatrolite was
explored by [82Alb1] and [92Ros1].

Crystal structures which share some of their features with the topology of the NAT-type have been
determined recently: K; gLis 4~ Li4Si;6Osg * 4.3H,0 [2006Par1] and Ge;Os(OH),[C,N; Hyg] [2006Snel].

NAT.7 Ignored work

The following papers have not been incorporated into this compilation:

1. [89Pecl], it is not possible to recover from the information on tetranatrolite given in this paper a
meaningful description of its crystal structure;

2. [81Pecl], atomic coordinates and the esd’s of the H-atoms are inconsistent with the experimental
data.

3. [84Pec1], the text of the part of this paper referring to the neutron diffraction study is essentially
identical to the text of [83Pecl].

4. [82Pecl], the values of most coordinates in this refinement of mesolite are essentially identical with
the corresponding values in [72Adil].

5. [82Pec2], for the crystal structure of scolecite the space group is given as Cc, however, the cell
constants and the coordinates do not fit this description. They correspond to the F1d1 setting as used in
[72Adi1]. The positional coordinates in [82Pec1] are essentially identical to those in [72Adil].

6. [88Pecl], the atomic coordinates, the thermal parameters and the estimated standard deviations of
both reported in [88Pec1] for paranatrolite bear a strong resemblance to the data previously reported for
the neutron diffraction crystal structure refinement of scolecite [84Josl]. The anisotropic thermal
parameters of paranatrolite correspond in minute detail to the data given in [84Jos1]. Compare also the
discussion of [88Pec1] in [91Baul].

Because of the similarities between the numerical values of [84Jos1] and [88Pecl] (and of the
resemblance between [72Adil] and [82Pecl, 82Pec2] as well), which all are extremely unlikely to have
happened by coincidence, we have listed here the earlier work only.
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