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NAT         

NAT.1 Zeolite framework type and topology

The framework type code is named after the mineral NATrolite, Na2Al2Si3O10
. 2H2O, first found in the 

Hegau region of Germany and described by Klaproth [1803Kla1, 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 [30Pau1] and its details were first worked out by Taylor et al. 
[33Tay1].   

Fig. NAT.1.1. The framework structure of NAT-type compounds in the highest possible topological symmetry 
I 4 2 d. View parallel c rotated by 10° about a and 16° about b.
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a The fib chains parallel [001] consisting of des units. 
Units in the rear are dark grey and semi transparent. 
View parallel [110] rotated by 20° about [001].  

b The kct channel enclosed by the fib chains shown in 
a).

a The complete assemblage of fib chains around the kct
channel.

b The unit cell contents (with some extensions) with 
four kct channels shown parallel [001] rotated by 
10° about [100] and 16° about [010].  

Fig. NAT.1.2. Building scheme of the NAT-type framework.  
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The structures of the fibrous zeolites contain chains (fib units, Fig. NAT.1.2a, and Figs. b in chapter 
NAT.3) parallel to c 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 kct channels as shown in Fig. 
NAT.1.2.

Minerals with isotypic framework structures are gonnardite (Na6.5Ca1.5Al9.5Si10.5O40
. 12H2O),

mesolite (Na16Ca16Al48Si72O240
. 64H2O), scolecite (Ca8Al16Si24O80

. 24H2O), paranatrolite (Na16
.

Al16Si24O80
. 24H2O), and tetranatrolite ((Na,Ca)8

. Al9Si11O40
. 8H2O). Dehydrated natrolite was called 

metanatrolite by Rinne [1890Rin1]. The names aedelite, apoanalcite, bergmannite, brevicite, crocalite, 
echellite, epinatrolite, fargite, galactite, hegauit, högauit, 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 [98Coo1]. The crystal structure of 
gonnardite described by [72Ami1] is actually the structure determination of a thomsonite, THO. 

A K-GaSi-NAT in space goup I 21 21 21 has been found, but has not been published yet [2006Lee2]. 

   I 41/a m d, I 
    
   t2 
   a, b, c
   
   I 4 2 d, II
   
   
   t2  
   a+b. -a+b. c 
     

   F d d 2, IV
    
       
  t2 t2  t2 

a, b, c  a, b, c  a, b, c
        

F d 1 1, VIII.2 F 1 d 1,VIII.3 F 1 1 2,VIII.4
        

i3       
a, 3b, c     

    

F d d 2, XII.1     
      k2
      a, b, c

        
      C 1 1 21,XVI.4

Fig. NAT.1.3 The Bärnighausen 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
I 41/a m d 

NAT-II
I 4 2 d

NAT-IV
F d d 2

NAT-XII.1
F d d 2

T1 [16(h), . m .] T1 [16(e), 1] T11 [16(b), 1] 

T12 [16(b), 1] 

T11a [16(b), 1] 
T11b [16(b), 1] 
T11c [16(b), 1] 
T12a [16(b), 1] 
T12b [16(b), 1] 
T12c [16(b), 1] 

T2 [4(a), 4 m 2] T2 [4(a), 4 . .] T2 [8(a), . . 2] T21 [8(a), . . 2] 
T22 [16(b), 1] 

O1 [16(h), . m .] O1 [16(e), 1] O11 [16(b), 1] 

O12 [16(b), 1] 

O11a [16(b), 1] 
O11b [16(b), 1] 
O11c [16(b), 1] 
O12a [16(b), 1] 
O12b [16(b), 1] 
O12c [16(b), 1] 

O2 [16(g), . . 2] O2 [16(e), 1] O21 [16(b), 1] 

O22 [16(b), 1] 

O21a [16(b), 1] 
O21b [16(b), 1] 
O21c [16(b), 1] 
O22a [16(b), 1] 
O22b [16(b), 1] 
O22c [16(b), 1] 

O3 [8(d),. 2/m .] O3 [8(d), . 2 .] O3 [16(b), 1] O31 [16(b), 1] 
O32 [16(b), 1] 
O33 [16(b), 1] 

NAT-I
I 41/a m d 

NAT-II
I 4 2 d

NAT-IV
F d d 2

NAT-VIII.2
F d 1 1

T1 [16(h), . m .] T1 [16(e), 1] T11 [16(b), 1] 

T12 [16(b), 1] 

T11a [8(a), 1] 
T11b [8(a), 1] 
T12a [8(a), 1] 
T12b [8(a), 1] 

T2 [4(a), 4 m 2] T2 [4(a), 4 . .]  T2 [8(a), . . 2] T2 [8(a), 1] 

O1 [16(h), . m .] O1 [16(e), 1] O11 [16(b), 1] 

O12 [16(b), 1] 

O11a [8(a), 1] 
O11b [8(a), 1] 
O12a [8(a), 1] 
O12b [8(a), 1] 

O2 [16(g), . . 2] O2 [16(e), 1] O21 [16(b), 1] 

O22 [16(b), 1] 

O21a [8(a), 1] 
O21b [8(a), 1] 
O22a [8(a), 1] 
O22b [8(a), 1] 

O3 [8(d), . 2/m.] O3 [8(d), . 2 .] O3 [16(b), 1] O31 [8(a), 1] 
O32 [8(a), 1] 
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Table NAT.1.1 (continued).
NAT-I
I 41/a m d 

NAT-II
I 4 2 d

NAT-IV
F d d 2

NAT-VIII.3
F 1 d 1

T1 [16(h), . m .] T1 [16(e), 1] T11 [16(b), 1] 

T12 [16(b), 1] 

T11a [8(a), 1] 
T11b [8(a), 1] 
T12a [8(a), 1] 
T12b [8(a), 1] 

T2 [4(a), 4 m 2] T2 [4(a), 4 . .]  T2 [8(a), . . 2] T2 [8(a), . . 2] 

O1 [16(h), . m .] O1 [16(e), 1] O11 [16(b), 1] 

O12 [16(b), 1] 

O11a [8(a), 1] 
O11b [8(a), 1] 
O12a [8(a), 1] 
O12b [8(a), 1] 

O2 [16(g), . . 2] O2 [16(e), 1] O21 [16(b), 1] 

O22 [16(b), 1] 

O21a [8(a), 1] 
O21b [8(a), 1] 
O22a [8(a), 1] 
O22b [8(a), 1] 

O3 [8(d), . 2/m.] O3 [8(d), . 2 .] O3 [16(b), 1] O31 [8(a), 1] 
O32 [8(a), 1] 

NAT-II
I 4 2 d

NAT-IV
F d d 2

NAT-VIII.4
F 1 1 2

NAT-XVI.4
C 1 1 21

T1 [16(e), 1] T11 [16(b), 1] 

T12 [16(b), 1] 

T11a [8(c), 1] 

T11b [8(c), 1] 

T12a [8(c), 1] 

T12b [8(c), 1] 

T11a1 [4(c), 1] 
T11a2 [4(c), 1] 
T11b1 [4(c), 1] 
T11b2 [4(c), 1] 
T12a1 [4(c), 1] 
T12a2 [4(c), 1] 
T12b1 [4(c), 1] 
T12b2 [4(c), 1] 

T2 [4(a), 4 . .]  T2 [8(a), . . 2] T21 [4(a), 2] 
T22 [4(b), 2] 

T21 [4(c), 1] 
T22 [4(c), 1] 

O1 [16(e), 1] O11 [16(b), 1] 

O12 [16(b), 1] 

O11a [8(c), 1] 

O11b [8(c), 1] 

O12a [8(c), 1] 

O12b [8(c), 1] 

O11a1 [4(c), 1] 
O11a2 [4(c), 1] 
O11b1 [4(c), 1] 
O11b2 [4(c), 1] 
O12a1 [4(c), 1] 
O12a2 [4(c), 1] 
O12b1 [4(c), 1] 
O12b2 [4(c), 1] 
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Table NAT.1.1 (continued). 
NAT-II
I 4 2 d

NAT-IV
F d d 2

NAT-VIII.4
F 1 1 2

NAT-XVI.4
C 1 1 21

O2 [16(e), 1] O21 [16(b), 1] 

O22 [16(b), 1] 

O21a [8(c), 1] 

O21b [8(c), 1] 

O22a [8(c), 1] 

O22b [8(c), 1] 

O21a1 [4(c), 1] 
O21a2 [4(c), 1] 
O21b1 [4(c), 1] 
O21b2 [4(c), 1] 
O22a1 [4(c), 1] 
O22a2 [4(c), 1] 
O22b1 [4(c), 1] 
O22b2 [4(c), 1] 

O3 [8(d), .2.] O3 [16(b), 1] O31 [8(c), 1] 

O32 [8(c), 1] 

O31a [4(c), 1] 
O31b [4(c), 1] 
O32a [4(c), 1] 
O32b [4(c), 1] 

NAT.2  Compounds and crystal data    

Table NAT.2.1 Chemical data. 

FD =  framework 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, I 4 2 d          
NAT1986a01 Na8K . Al9Si11O40

. 8H2O tetranatrolite 17.4 M - H2O - - 86Mik1 
NAT1986b01 Na6.5Ca1.5

. Al9.5Si10.5O40
.

12H2O
gonnardite 17.3 M - H2O - - 86Maz1 

NAT1991a01 Na5.6Ca1.6
. Al9.0Si11.0O40

.

8H2O                                  
gonnardite 17.5 M - H2O - - 91Art1 

NAT1991a02 Na5.6Ca1.6 . Al9.0Si11.0O40
.

8H2O
gonnardite 17.4 M - H2O - - 91Art1 

NAT1991a03 Na5.6Ca1.6
. Al9.0Si11.0O40

.

8H2O
gonnardite 17.2 M - H2O - - 91Art1 

NAT1991a04 Na5.6Ca1.6
. Al9.0Si11.0O40

.

8H2O
gonnardite 17.3 M - H2O - - 91Art1 

NAT1991a05 K8.0
. Al9.0Si11.0O40

. 8H2O [K-gonnardite] 16.2 M K  H2O - - 91Art1 
NAT1991b01 Na8 . Ga8Si12O40

. 8H2O Na-GaSi-NAT 17.2 S - H2O - - 91Mal1 
NAT1995c01 Na8

. Al8Si12O40
. 8H2O tetranatrolite 17.8 M - H2O - - 95Ras1 

NAT1999b01 Na4.51Ca1.84
.

Al8.59Si11.50O40
. 12.61H2O

gonnardite 17.2 M - H2O - - 99Art1 

NAT2000a01 K8
. Ga8Si12O40

. 6.3H2O K-GaSi-NAT 16.4 S - H2O - - 2000Lee1
NAT2000b01 Na8 . Al8Ge12O40

. 8H2O Na-AlGe-NAT 16.5 S - H2O - - 2000Tri1 
NAT2000d01 Na6.25Ca1.47Sr0.06

.

Al9.55Si10.46O39.87
. 10.9H2O

tetranatrolite 17.3 M - H2O - - 2000Eva1
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NAT.3  Framework structures     

NAT.3.1 NAT-II compounds (I 4 2 d, IT #122) 

a Polyhedral representation. (Al,Si)O4 tetrahedra are 
hatched. View parallel c rotated by 5° about a and b.

b The natrolite chain (fib unit). View parallel b rotated 
by 10° about a and 2° about c.

c  Polyhedral representation. View parallel b rotated by 2° 
about a and c.

d Ball and stick model corresponding to a). 

Fig. NAT.3.1.1 Projections of the NAT-II crystal structure of tetranatrolite Na8
. Al8Si12O40

. 8H2O (NAT1995c01, 
95Ras1).

ab

c

a

b

c

ab

c
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Table NAT.3.1.1 Atomic coordinates and site definitions for tetranatrolite Na8
. Al8Si12O40

. 8H2O
(NAT1995c01, 95Ras1). 

atom x y z B [Å2] Site
symmetry 

Wyckoff 
position 

no. of atoms 
in unit cell 

(Si,Al)1   -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  

O1      -0.0448(7) 0.9090(6) 0.864(2) 1.6(2) 1  16(e) 16 
O2       0.1381(8) 0.0589(7) 0.487(2) 1.9(2) 1 16(e) 16 
O3       0.8878(9) 3/4 5/8 1.2(2) . 2 .  8(d)   8 
Na1      0.6895(6) 1/4 1/8 2.1(1) . 2 .  8(d)   8 
OW1      0.132(1) ¼ 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 Na8
. Al8Si12O40

. 8H2O
(NAT1995c01, 95Ras1).

 T - O [Å] T - O - T [°]  T - O [Å] T - O - T [°] 

(Si,Al)1 - O3     1.678(6) 129.7(7) Si2 - O1    1.599(10) 143.7(7) 

(Si,Al)1 - O2     1.681(10) 136.6(7) Si2 - O1    1.599(10) 143.7(7) 

(Si,Al)1 - O2     1.686(11) 136.6(7) Si2 - O1  1.599(10) 143.7(7) 

(Si,Al)1 - O1     1.703(13) 143.7(7) Si2 - O1 1.599(10) 143.7(7) 

mean 1.687     136.7     mean 1.599     143.7     

NAT.3.2 NAT-IV compounds (F d d 2, IT #43) 

Table NAT.3.2.1 Atomic coordinates and site definitions for natrolite Na16
. Al16Si24O80

. 16H2O
(NAT1993b01, 93Stu2). 

atom x y z B [Å2] Site
symmetry 

Wyckoff 
position 

no. of atoms 
in unit cell 

Al 11    0.46261(1) 0.40626(1) 0.61525(2) 0.48 1 16(b) 16 

Si12    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 

O11     0.47731(2) 0.43147(1) 0.86619(5) 1.14 1 16(b) 16 

O12     0.31965(1) 0.77267(2) 0.89022(4) 1.17 1 16(b) 16 

O21     0.09850(1) 0.03512(1) 0.50019(5) 1.04 1 16(b) 16 

O22     0.70637(1) 0.15267(2) 0.22579(4) 1.03 1 16(b) 16 

O3      0.42990(1) 0.31817(1) 0.60974(4) 0.68 1 16(b) 16 

Na1     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. AlO4 tetrahedra are hatched. 
View parallel c rotated by 4° about a and b.

b The natrolite chain (fib unit). View parallel b rotated 
by 5° about a and 1° about c.

c  Polyhedral representation. View parallel [110] rotated 

by 1° about [1 1 0] and [001]. Scale is 84 % of a). 

d Ball and stick model corresponding to a). 

Fig. NAT.3.2.1 Projections of the NAT-IV crystal structure of natrolite Na16
. Al16Si24O80

. 16H2O (NAT1993b01, 
93Stu2). 

a

b

c

ab

c
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c
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 Table NAT.3.2.2 Selected interatomic distances and angles for natrolite Na16
. Al16Si24O80

. 16H2O
(NAT1993b01, 93Stu2). 

 T - O [Å] T - O - T [°]  T - O [Å] T  -  O - T [°] 

Al 1 - O21  1.7373(3) 138.71(1) Si12 - O21  1.6115(3) 138.71(1) 

Al 1 - O11   1.7394(4) 140.91(2) Si12 - O22  1.6132(3) 135.02(1) 

Al 1 - O22  1.7449(3) 135.02(1) Si12 - O3    1.6196(2) 129.76(1) 

Al 1 - O3    1.7479(2) 129.76(1) Si12 - O12  1.6372(3) 144.53(2) 

mean 1.7424    136.10    mean 1.6204    137.01    

Si2 - O11 1.6066(3) 140.91(2) 

Si2 - O11  1.6066(3) 140.91(2) 

Si2 - O12  1.6294(3) 144.53(2) 

Si2 - O12  1.6294(3) 144.53(2) 

mean 1.6180    142.72    

NAT.3.3 NAT-XII.1 compounds (F d d 2 , IT #43)

Table NAT.3.3.2 Selected interatomic distances and angles for mesolite, Na15.92Ca16.32
. Al48.00Si71.84O240

.

64H2O (NAT2000c01, 2000Stu1). 

 T - O [Å] T - O - T [°]  T - O [Å] T  -  O - T [°] 

Al 11a - O22b  1.731(1) 136.4(1) Al 11b - O21a 1.727(1) 143.2(1) 

Al 11a - O21b 1.737(1) 129.5(1) Al 11b - O32  1.733(1) 134.5(1) 

Al 11a - O11a 1.739(1) 148.0(1) Al 11b - O11b 1.736(1) 139.4(1) 

Al 11a - O31    1.741(1) 136.7(1) Al 11b - O22c 1.763(1) 126.7(1) 

mean 1.737     137.8     mean 1.740     136.0     

Al 11c - O22a 1.744(1) 135.1(1) Si12a - O21a 1.606(1) 143.2(1) 

Al 11c - O33 1.748(1) 131.5(1) Si12a - O33 1.611(1) 131.5(1) 

Al 11c - O11c 1.749(1) 133.2(1) Si12a - O22c 1.630(1) 126.7(1) 

Al 11c - O21c  1.756(1) 135.2(1) Si12a - 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) Si12c - O21b  1.611(1) 129.5(1) 

Si12b - O31  1.614(1) 136.7(1) Si12c - O22a 1.617(1) 135.1(1) 

Si12b - O21c 1.634(1) 135.2(1) Si12c - O32 1.620(1) 134.5(1) 

Si12b - O12b 1.643(1) 133.4(1) Si12c - O12c 1.629(1) 153.6(1) 

mean 1.622     135.4     mean 1.619     138.2     

Si21 - O11b  1.605(1) 139.4(1) Si22 - O11a 1.596(1) 148.0(1) 

Si21 - O11b 1.605(1) 139.4(1) Si22 - O11c 1.612(1) 133.2(1) 

Si21 - O12a 1.633(1) 144.1(1) Si22 - O12c 1.618(1) 153.6(1) 

Si21 - O12a  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. AlO4 tetrahedra are hatched. 
View parallel c rotated by 4° about a and b.

b The natrolite chain (fib unit). View parallel b rotated 
by 5° about a and 1° about c.

c  Polyhedral representation. View approximately parallel [310].

Fig. NAT.3.3.1 Projections of the NAT-XII.1 crystal structure of mesolite, Na15.92Ca16.32
. Al48.00Si71.84O240

. 64H2O
(NAT2000c01, 2000Stu1). 
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Table NAT.3.3.1 Atomic coordinates and site definitions for mesolite, Na15.92Ca16.32
. Al48.00Si71.84O240

.

64H2O (NAT2000c01, 2000Stu1).

atom x y z B [Å2] Site
symmetry 

Wyckoff 
position 

no. of atoms 
in unit cell 

Al11a    0.45151(2) 0.13765(1) 0.6430(1)   0.52 1 16(b) 16 
Al11b    0.46308(2) 0.46976(1) 0.6131(1)   0.50 1 16(b) 16 
Al11c    0.46373(2) 0.80211(1) 0.6430(1)   0.52 1 16(b) 16 
Si12a    0.34500(2) 0.26431(1) 0.1222(1)   0.49 1 16(b) 16 
Si12b    0.33791(2) 0.59687(1) 0.1522(1)    0.52 1 16(b) 16 
Si12c    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 
O11a     0.48495(6) 0.14682(2) 0.8783(2)   1.16 1 16(b) 16 
O11b     0.48192(6) 0.47711(2) 0.8649(2)   1.02 1 16(b) 16 
O11c     0.47710(5) 0.80807(2) 0.9023(2)   0.95 1 16(b) 16 
O12a     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 
O12c     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 
O21c     0.09621(5) 0.67664(2) 0.5447(2)   0.90 1 16(b) 16 
O22a     0.70582(5) 0.05064(2) 0.2530(2)   1.01 1 16(b) 16 
O22b     0.72813(5) 0.38646(2) 0.2179(2)   0.99 1 16(b) 16 
O22c     0.70948(5) 0.71538(2) 0.2093(2)   0.87 1 16(b) 16 
O31      0.41645(5) 0.10931(2) 0.6711(2)   0.79 1 16(b) 16 
O32      0.42641(5) 0.44166(2) 0.5965(2)   0.70 1 16(b) 16 
O33      0.42741(5) 0.77381(2) 0.6136(2)   0.71 1 16(b) 16 
Na1      0.71747(3) 0.51095(1) 0.6316(2)   1.51 1 16(b) 16 
Ca1     -0.02197(1) 0.57739(1) 0.8815(1)   0.92 1 16(b) 16 
OW60     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-VIII.2 compounds (F d 1 1, 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, Ca7.92
. Al15.68Si23.92O80

. 16H2O
(NAT1972a03, 72Adi1).

atom x y z B [Å2] Site
symmetry 

Wyckoff 
position 

no. of atoms 
in unit cell 

Al11a   0.4563(3)  0.4192(4) 0.615(1) 0.93(9) 1 8(a) 8 
Al11b   0.5379(3)  0.5986(4) 0.615(1) 0.93(9) 1 8(a) 8 
Si12a   0.3403(3)  0.8007(4) 0.119(1) 0.91(8) 1 8(a) 8 
Si12b   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 
O11a    0.4810(7)  0.4302(7) 0.874(2) 1.4(2) 1 8(a) 8 
O11b    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 
O21a    0.1007(6)  0.0381(7) 0.518(2) 1.0(2) 1 8(a) 8 
O21b    0.9017(7) -0.0088(8) 0.541(3) 1.9(2) 1 8(a) 8 
O22a    0.7168(7)  0.1600(7) 0.214(2) 1.5(2) 1 8(a) 8 
O22b    0.2827(7)  0.8582(8) 0.197(2) 1.6(2) 1 8(a) 8 
O31     0.4195(6)  0.3352(7) 0.582(2) 1.1(2) 1 8(a) 8 
O32     0.5779(7)  0.6830(7) 0.642(2) 1.3(2) 1 8(a) 8 
Ca1     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, Ca7.92
. Al15.68Si23.92O80

. 16H2O
(NAT1972a03, 72Adi1).

 T - O [Å] T - O - T [°]  T - O [Å] T  -  O - T [°] 

Al 11a - O31   1.74(2) 134(1) Al 11b - O22b 1.72(2) 130(1) 

Al 11a - O22a 1.74(2) 134(1) Al 11b - O21a 1.75(1) 133(1) 

Al 11a - O11a 1.77(2) 131(1) Al 11b - O11b 1.77(2) 147(1) 

Al 11a - O21b   1.77(2) 133(1) Al 11b - O32  1.77(2) 137(1) 

mean 1.76      133       mean 1.75      138       

Si12a - O21b 1.59(2) 133(1) Si12b - O32  1.58(1) 137(1) 

Si12a - O22b 1.61(2) 130(1) Si12b - O22a 1.63(1) 134(1) 

Si12a - O12a 1.61(2) 146(1) Si12b - O21a 1.65(2) 133(1) 

Si12a - O31  1.63(1) 134(1) Si12b - O12b 1.66(2) 137(1) 

mean 1.61      136       mean 1.63      135       

Si2 - O11b 1.57(1) 147(1) 

Si2 - O11a 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-VIII.3 compounds (F 1 d 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, Ca8
. Al16Si24O80

.  24H2O
(NAT1997a01, 97Stu1).

atom x y z B [Å2] Site
symmetry 

Wyckoff 
position 

no. of atoms 
in unit cell 

Al11a   0.45014(1)  0.41292(1) 0.61564(4) 0.49 1 8(a) 8 
Al11b   0.53302(1)  0.59168(1) 0.61120(3) 0.46 1 8(a) 8 
Si12a   0.33444(1)  0.79244(1) 0.12550(3) 0.45 1 8(a) 8 
Si12b   0.64989(1)  0.20685(1) 0.12019(3) 0.46 1 8(a) 8 
Si2     0  0.00440(1) 0 0.48 1 8(a) 8 
O11a    0.48314(3)  0.43812(2) 0.85594(8) 1.01 1 8(a) 8 
O11b    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 
O21a    0.09211(2)  0.02626(2) 0.52419(7) 0.85 1 8(a) 8 
O21b    0.89248(2) -0.02049(2) 0.53072(7) 0.97 1 8(a) 8 
O22a    0.70456(2)  0.14622(2) 0.20885(8) 0.90 1 8(a) 8 
O22b    0.26956(2)  0.84358(2) 0.18755(8) 0.95 1 8(a) 8 
O31     0.41280(2)  0.32898(2) 0.64013(7) 0.72 1 8(a) 8 
O32     0.57062(2)  0.67464(2) 0.57552(7) 0.68 1 8(a) 8 
Ca1     0.47393(1)  0.73179(1) 0.36470(3) 0.87 1 8(a) 8 
OW11    0.53024(8)  0.70120(5) 0.0625(2) 2.59 1 8(a) 8 
OW12    0.44574(5)  0.79528(6) 0.6629(2) 2.30 1 8(a) 8 
OW3     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, Ca8
. Al16Si24O80

.  24H2O
(NAT1997a01, 97Stu1).

 T - O [Å] T - O - T [°]  T - O [Å] T  -  O - T [°] 

Al 11a - O21b  1.740(1) 134.22(3)  Al 11b - O32  1.738(1) 133.14(3) 
Al 11a - O11a 1.743(1) 143.97(3) Al 11b - O11b 1.742(1) 134.74(3) 
Al 11a - O31  1.744(1) 138.21(3) Al 11b - O21a 1.753(1) 135.11(3) 
Al 11a - O22b   1.746(1) 133.27(3) Al 11b - O22a 1.766(1) 127.59(3) 
mean 1.743     137.42    mean 1.749     132.65    
Si12a - O22b 1.599(1) 133.27(3) Si12b - O21b 1.605(1) 134.22(3) 
Si12a - O31  1.609(1) 138.21(3) Si12b - O32  1.613(1) 133.14(3) 
Si12a - O21a 1.630(1) 135.11(3)  Si12b - O12b 1.632(1) 151.06(3) 
Si12a - O12a 1.643(1) 134.12(3) Si12b - O22a 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 [Å] T - O - T [°]  T - O [Å] T - O - T [°] 

Si2 - O11a 1.599(1) 143.97(3)  Si2 - O12b 1.618(1) 151.06(3) 
Si2 - O11b 1.612(1) 134.74(3) Si2 - O12a 1.642(1) 134.12(3) 
   mean 1.618     140.97    

NAT.3.6 NAT.VIII.4 compounds (F 1 1 2, IT #5) 

a Polyhedral representation. AlO4 tetrahedra are hatched. 
View parallel c rotated by 4° about a and b.

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

c  Polyhedral representation. View parallel [110] rotated 

by 1° about [1 1 0] and [001]. Scale is 80 % of a). 

d Ball and stick model corresponding to a). 

Fig. NAT.3.6.1 Projections of the NAT-VIII.4 crystal structure of metanatrolite, Na16
. Al16Si24O80 (NAT1996a01, 

96Bau1). 

a

b

c

b a

c

ab

c
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Table NAT.3.6.1 Atomic coordinates and site definitions for metanatrolite, Na16
. Al16Si24O80 (NAT1996a01, 

96Bau1).

atom x y z B [Å2] Site
symmetry 

Wyckoff 
position 

no. of atoms 
in unit cell 

Al11a   0.0264(2)  0.1055(1)  0.6050(5) 2.27(6) 1  8(c) 8 
Al11b   0.7676(1)  0.1424(1)  0.3613(5) 2.39(7) 1  8(c) 8 
Si12a   0.3629(1)  0.2650(1)  0.6151(4) 2.31(6) 1  8(c) 8 
Si12b   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    ¼   ¼   0.2408(6) 2.40(9) 2  4(b) 4 
O11a    0.4587(3)  0.4299(3)  0.860(1) 3.9(1) 1  8(c) 8 
O11b    0.7641(3)  0.8289(3)   0.1100(9) 3.32(9) 1  8(c) 8 
O12a    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 
O21b    0.6465(4)  0.8033(4)  0.783(1) 3.9(1) 1  8(c) 8 
O22a    0.3084(4)  0.8407(4)  0.180(1) 4.3(1) 1  8(c) 8 
O22b    0.5724(4)  0.4243(3)  0.544(1) 3.8(1) 1  8(c) 8 
O31     0.4588(4)  0.2916(3)  0.595(1) 3.4(1) 1  8(c) 8 
O32     0.7083(4)  0.9584(3)  0.848(1) 3.1(1) 1  8(c) 8 
Na1     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 
Na21    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, Na16
. Al16Si24O80

(NAT1996a01, 96Bau1).

 T - O [Å] T - O - T [°]  T - O [Å] T  -  O - T [°] 

Al 11a - O22b  1.727(7) 133.4(4)  Al 11b - O22a 1.724(7) 134.3(5)  

Al 11a - O21a 1.762(7) 125.2(4) Al 11b - O21b 1.746(7) 131.1(4) 

Al 11a - O11a 1.763(7) 133.0(4) Al 11b - O11b 1.751(6) 132.3(3) 

Al 11a - O31    1.770(6) 113.7(4) Al 11b - O32  1.762(6) 114.8(4) 

mean 1.755     126.3     mean 1.746     128.1     

Si12a - O21b 1.595(7) 131.1(4)  Si12b - O21a 1.613(6) 125.2(4)  

Si12a - O22a 1.617(7) 134.3(5) Si12b - O22b 1.616(6) 133.4(4) 

Si12a - O31  1.626(7) 113.7(4) Si12b - O32  1.627(7) 114.8(4) 

Si12a - O12a 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 - O11a 1.605(5) 133.0(4)  Si22 - O11b 1.602(6) 132.3(3)  

Si21 - O11a 1.605(5) 133.0(4) Si22 - O11b 1.602(6) 132.3(3) 

Si21 - O12b 1.644(7) 132.3(4) Si22 - O12a 1.637(6) 135.8(4) 

Si21 - O12b 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-XVI.4 compounds (C 1 1 21,  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 NH4-natrolite, (NH4)16
. Al16Si24O80

(NAT1992a01, 92Stu1).

atom x y z Beq [Å2] Site
symmetry

Wyckoff 
position 

no. of atoms 
in unit cell 

Al11A    0.03541(6)  0.09234(5)  0.6170(2) 0.68 1 4(c) 4 
Al11B    0.03511(6)  0.59761(5)  0.1169(2) 0.67 1 4(c) 4 
Al11C    0.78664(6)  0.15342(6)  0.3645(2) 0.68 1 4(c) 4 
Al11D    0.78416(6)  0.65594(6)  0.8653(2) 0.68 1 4(c) 4 
Si12A    0.34558(4)  0.28565(5)  0.6255(2) 0.67 1 4(c) 4 
Si12B    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 
O11A     0.4839(1)  0.4191(1)  0.8726(4) 1.26 1 4(c) 4 
O11B     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 
O12D     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 
O21B     0.0985(1)  0.5345(1)  0.0275(5) 1.53 1 4(c) 4 
O21C     0.6496(1)  0.7872(1)  0.7583(5) 1.65 1 4(c) 4 
O21D     0.6495(1)  0.2821(1)  0.2805(4) 1.24 1 4(c) 4 
O22A     0.2928(1)  0.8439(1)  0.2049(4) 1.42 1 4(c) 4 
O22B     0.2955(1)  0.3487(1)  0.7227(4) 1.54 1 4(c) 4 
O22C     0.5439(1)  0.4052(2)  0.4688(4) 1.61 1 4(c) 4 
O22D     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 
O32a     0.6816(1)  0.9365(1)  0.8569(5) 1.12 1 4(c) 4 
O32b     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 
H12      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 Beq [Å2] Site
symmetry

Wyckoff 
position 

no. of atoms 
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 NH4-natrolite, (NH4)16
. Al16Si24O80

(NAT1992a01, 92Stu1).

 T - O [Å] T - O - T [°]  T - O [Å] T  -  O - T [°] 

Al 11A - O11B  1.717(3) 144.9(2)  Al 11B - O22C 1.714(2) 139.0(2)  

Al 11A - O21A 1.718(2) 134.2(1) Al 11B - O21B 1.725(2) 136.7(1) 

Al 11A - O31b 1.734(2) 130.0(1) Al 11B - O11A 1.731(3) 133.0(1) 

Al 11A - O22D 1.738(2) 132.1(1) Al 11B - O31a 1.742(2) 128.7(1) 

mean 1.727     135.3     mean 1.728     134.4     

Al 11C - O21C  1.725(2) 139.1(1)  Al 11D - O22A 1.730(2) 136.2(1) 

Al 11C - O22B 1.738(2) 132.1(1) Al 11D - O21D 1.736(2) 132.2(1) 

Al 11C - O32a 1.749(2) 129.0(1) Al 11D - O32b 1.739(2) 129.1(1) 

Al 11C - O11C    1.752(3) 137.5(1) Al 11D - O11D 1.740(3) 139.4(1) 

mean 1.741     134.4     mean 1.737     134.2     

Si12A - O22B 1.597(2) 132.1(1)  Si12B - O21C 1.587(3) 139.1(1)  

Si12A - O21D 1.608(2) 132.2(1) Si12B - O22A 1.597(2) 136.2(1) 

Si12A - O31a 1.617(2) 128.7(1) Si12B - O31b 1.615(2) 130.0(1) 

Si12A - 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 - O22C 1.596(3) 139.0(2)  Si12D - O21B 1.601(3) 136.7(1)  

Si12C - O21A 1.612(3) 134.2(1) Si12D - O12D 1.610(3) 142.3(2) 

Si12C - O32b 1.617(2) 129.1(1) Si12D - O32a 1.610(2) 129.0(1) 

Si12C - O12C 1.622(3) 140.8(2) Si12D - O22D 1.611(2) 132.1(1) 

mean 1.612     135.8     mean 1.608     135.0     

Si21 - O11B 1.604(2) 144.9(2)  Si22 - O11C 1.600(2) 137.5(1)  

Si21 - O11A 1.618(2) 133.0(1) Si22 - O11D 1.602(2) 139.4(1) 

Si21 - O12C 1.639(4) 140.8(2) Si22 - O12B 1.609(2) 148.9(2) 

Si21 - O12D 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 

D                 

H                 He

Li Be           B C N O F Ne 

Na Mg           Al Si P S Cl Ar 

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr 

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe 

Cs Ba L Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn 

Fig. NAT.4.1 Chemical elements (highlighted) occurring in NAT-type compounds. Framework cations are in grey 
fields.

NAT.5 Flexibility and apertures 

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 
C1121, but excluding mesolite samples. The extreme 
values of a are 16.223 Å and 18.971 Å, the mean value 
is 17.974 Å.

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 
C1121, but excluding mesolite samples. The extreme 
values of b are 17.018 Å and 19.204 Å, the mean value 
is 18.382 Å.

Fig. NAT.5.3 Histogram of 42 unit cell constants c of
aluminosilicates of NAT-type determined  by single 
crystal methods in space groups Fdd2, F1d1, F112 and 
C1121, but excluding mesolite samples. The extreme 
values of c are 6.385 Å and 6.608 Å, the mean value is 
6.537 Å. 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, F1d1,
F112 and C1121, but excluding mesolite samples, are 
plotted against the unit cell volume, V. The extreme 
values of V are 1777 Å3 and 2402 Å3, the mean is 
2163 Å3. 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. 

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, F1d1, F112
and C1121, 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 Å3 and 2402 Å3,  the mean is 2163 Å3.  The 
extreme values of  T-O1-T are 132.7° and 152.4°, the 
mean is 140.5°.  The line is a least-squares fit to all 
points.

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, F1d1, F112 and C1121, 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 Å3 and 2402 
Å3, the mean is 2163 Å3. The extreme values of T-O2-
T are 125.2° and 145.3°, the mean is 135.0°.  The line 
is a least-squares fit to all points. 

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, F1d1, F112
and C1121, 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 Å3 and 2402 Å3, the mean is 2163 Å3. 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.

When Pauling described the crystal structure of  the NAT-type framework [30Pau1] 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 c constants it is 1.04. The latter value is similar to ratios encountered for the 
noncollapsible [92Bau1] 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 [92Bau1] 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, 95Bau1]. 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° [95Bau1]).  

The 8-ring openings in the framework of natrolite have free diameters ranging from about 2.5 Å to 4 
Å. 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: K2.6Li5.4

. Li4Si16O38
. 4.3H2O [2006Par1] and Ge3O5(OH)4[C2N2 H10]  [2006Sne1]. 

NAT.7 Ignored work      

The following papers have not been incorporated into this compilation:   
1. [89Pec1], it is not possible to recover from the information on tetranatrolite given in this paper a 

meaningful description of its crystal structure;   
2. [81Pec1], 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 [83Pec1]. 
4. [82Pec1], the values of most coordinates in this refinement of mesolite are essentially identical with 

the corresponding values in [72Adi1].  
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 [72Adi1].  

6. [88Pec1], 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 [84Jos1]. The anisotropic thermal 
parameters of paranatrolite correspond in minute detail to the data given in [84Jos1]. Compare also the 
discussion of [88Pec1] in [91Bau1].  

Because of the similarities between the numerical values of [84Jos1] and [88Pec1] (and of the 
resemblance between [72Adi1] and [82Pec1, 82Pec2] as well), which all are extremely unlikely to have 
happened by coincidence, we have listed here the earlier work only. 



 References for NAT 307 

Landolt-Börnstein 
New Series IV/14D

NAT.8 References

1803Kla1 Klaproth, M.H.: Ges. Naturforsch. Freunde Berlin, Neue Schriften 4 (1803) 243. 

1890Rin1 Rinne, F. : Sitzungsber. Preuss. Akad. Wiss. 46 (1890) 1163. 

30Pau1 Pauling, L.: Proc. Nat. Acad. Sciences 16 (1930) 453. 

33Tay1 Taylor, W.H., Meek, C.A., Jackson, W.W.: Z. Kristallogr. 84 (1933) 373. 

60Mei1 Meier, W.M.: Z. Kristallogr. 113 (1960) 430.

63Gab1 Gabuda, S.P., Lundin, A.G., Mikhailov, G.M., Aleksandrov, K.S.: Sov. Phys. Dokl. 8 (1963) 
305.

64Tor1 Torrie, B.H., Brown, I.D., Petch, H.E.: Can. J. Phys. 42 (1964) 229. 

72Adi1 Adiwidjaja, G.: Dissertation University of Hamburg (1972). 
72Ami1  Amirov, S.T., Asratkulu, M.A., Mamedov, K.S., Belov, N.V.: Sov. Phys. Dokl. 17 (1972) 

 316. 

73Pea1 Peacor, D.R.: Amer. Mineral. 58 (1973) 676. 

79Fäl1 Fälth, L., Hansen, S.: Acta Crystallogr. B35 (1979) 1877. 

81Alb1 Alberti, A., Vezzalini, G.: Acta Crystallogr. B37 (1981) 781. 
81Pec1 Pechar, F.: Acta Crystallogr. B37 (1981) 1909. 

82Alb1     Alberti, A., Pongiluppi, D., Vezzalini, G.: N. Jb. Mineral. Mh. (1982) 231.
82Pec1 Pechar, F. : Acta Montana 59 (1982) 143. 
82Pec2 Pechar, F. : Acta Montana 60 (1982) 121. 

83Alb1 Alberti, A., Vezzalini, G.: N. Jb. Mineral. Mh. (1983) 135. 
83Hes1 Hesse, K.F. : Z. Kristallogr. 163 (1983) 69. 
83Pec1 Pechar, F., Schäfer, W., Will, G.: Z. Kristallogr. 164 (1983) 19. 

84Art1 Artioli, G., Smith, J.V., Kvick, Å.: Acta Crystallogr. C40 (1984) 1658. 
84Jos1 Joswig, W., Bartl, H., Fuess, H.: Z. Kristallogr. 166 (1984) 219. 
84Kir1 Kirfel, A., Orthen, M., Will, G.: Zeolites 4 (1984) 140. 
84Pec1 Pechar, F.: Acta Montana 67 (1984) 75. 
84Smi1 Smith, J.V., Pluth, J.J., Artioli, G., Ross, F.K.: Proceedings of  the 6th International Zeolite 

Conference, Olson, D., Bisio, A. (eds.), Butterworths, Guildford, UK (1984) 842.    

85Kla1 Klaska, K.H., Jarchow, O.: Z. Kristallogr. 172 (1985) 167. 
85Kvi1 Kvick, Å., Ståhl, K.: Z. Kristallogr. 171 (1985) 141. 

86Art1 Artioli, G.: Acta Crystallogr. C42 (1986) 937. 
86Maz1 Mazzi, F., Larsen, A.O., Gottardi, G., Galli, E.: N. Jb. Mineral. Mh. (1986) 219.
86Mik1 Mikheeva, M.G., Pushcharovskii, D.Y., Khomyakov, A.P., Yamnova, N.A.: Sov. Phys. 

Crystallogr. 31 (1986) 254. 



308   References for NAT           

Landolt-Börnstein  
New Series IV/14D

87Dem1 Demontis, P., Suffritti, G.B., Quartieri, S., Fois, E.S., Gamba, A.: Zeolites 7 (1987) 522. 
87Yam1 Yamazaki, A., Kamioka, K., Matsumoto, H., Otsuka, R.: Bull. Sci. Engin. Res. Lab. Wasada 

Univ. 118 (1987) 40. 

88Pec1 Pechar, F.: Cryst. Res. Technol. 23 (1988) 647. 
88Sie1 Sieber, N.H.W.: Z. Kristallogr. 185 (1988) 615. 
88Xie1 Xie, D., Newsam, J.M., Yang, J., Yelon, W.B.: Mat. Res. Soc. Symp. Proc. 111 (1988) 147. 

89Pec1 Pechar, F.: Z. Kristallogr. 189 (1989) 191. 
89Sie1      Sieber, N.H.W.: Dissertation Univ. Würzburg, Germany (1989).  

90Bau1 Baur, W.H., Kassner, D., Kim, C.H., Sieber, N.H.W.: Eur. J. Mineral. 2 (1990) 761. 
90Kro1 Krogh Andersen, E., Krogh Andersen, I.G., Ploug-Sørensen, G.: Eur. J. Mineral. 2 (1990) 

799.

91Art1 Artioli, G., Torres Salvador, M.R.: Mater. Science Forum 79-82 (1991) 845. 
91Bau1   Baur, W.H.: Cryst. Res. Technol. 26  (1991) K169. 
91Mal1 Malinovskii, Y.A., Dadashov, M.S., Bondareva, O.S., Minachev, K.M.: Sov. Phys. 

Crystallogr. 36 (1991) 316. 

92Bau1     Baur, W.H.: J. Solid State Chem. 97  (1992) 243.
92Bau2     Baur, W.H.: Proc. Polish-German Zeolite Colloquium, Toru  (1992) 11.
92Ros1     Ross, M., Flohr, M.J.K., Ross, D.R.: Amer. Mineral. 77  (1992) 685.
92Stu1 Stuckenschmidt, E., Kassner, D., Joswig, W., Baur, W.H.: Eur. J. Mineral. 4 (1992) 1229. 

93Stu1 Stuckenschmidt, E., Kassner, D., Joswig, W., Baur, W.H. in: Proceedings of the 9th

International Zeolite Conference, von Ballmoos, R., Higgins, J.B., Treacy, M.M.J. (eds.), 
Butterworth-Heinemann, Stoneham, MA, 1 (1993) 407. 

93Stu2 Stuckenschmidt, E., Joswig, W., Baur, W.H.: Phys. Chem. Minerals 19 (1993) 562. 

94Sta1 Ståhl, K., Thomasson, R.: Zeolites 14 (1994) 12. 
94Sta2 Ståhl, K., Hanson, J.: J. Appl. Crystallogr. 27 (1994) 543. 

95Alb1 Alberti, A., Cruciani, G., Dauru, I.: Eur. J. Mineral. 7 (1995) 501. 
95Bau1 Baur, W.H.: Proc. Second Polish-German Zeolite Colloquium, Toru  (1995) 171. 
95Fin1 Finch, A.A., Fletcher, J.G., Kindness, A., Skakle, J.M.S.: Powd. Diffr. 10 (1995) 243. 
95Jos1 Joswig, W., Baur, W.H.: N. Jb. Mineral. Mh. (1995) 26. 
95Ras1 Rastsvetaeva, R.K.: Crystallogr. Rep. 40 (1995) 749. 

96Bau1 Baur, W.H., Joswig, W.: N. Jb. Mineral. Mh. (1996) 171. 
96Ghe1 Ghermani, N.E., Lecomte, C., Dusausoy, Y.: Phys. Rev. B53 (1996) 5231. 
96Stu1 Stuckenschmidt, E., Joswig, W., Baur, W.H.: Eur. J. Mineral. 8 (1996) 85. 

97Stu1 Stuckenschmidt, E., Joswig, W., Baur, W.H., Hofmeister, W.: Phys. Chem. Minerals 24
(1997) 403. 

98Coo1 Coombs, D.S., Alberti, A., Armbruster, T., Artioli, G., Colella, C., Galli, E., Grice, J.D., 
Liebau, F., Mandarino, J.A., Minato, H., Nickel, E.H., Passaglia, E., Peacor, D.R., Quartieri, 
S., Rinaldi, R., Ross, M., Sheppard, R.A., Tillmanns, E., Vezzalini, G.: Eur. J. Mineral. 10
(1998) 1037. 

98Kun1 Kuntzinger, S., Ghermani, N.E., Dusausoy, Y., Lecomte, C.: Acta Crystallogr. B54 (1998) 819. 



 References for NAT 309 

Landolt-Börnstein 
New Series IV/14D

99Art1 Artioli, G., Galli, E.: Amer. Mineral. 84 (1999) 1445. 
99Men1 Meneghinello, E., Martucci, A., Alberti, A., Di Renzo, F.: Microporous Mesoporous Mater. 

30 (1999) 89. 

2000Eva1 Evans, H.T., Konnert, J.A., Ross, M.: Amer. Mineral. 85 (2000) 1808. 
2000Lee1 Lee, Y., Kim, S.J., Parise, J.B.: Microporous Mesoporous Mater. 34 (2000) 255. 
2000Stu1 Stuckenschmidt, E., Kirfel, A.: Eur. J. Mineral. 12 (2000) 571. 
2000Tri1 Tripathi, A., Johnson, G.M., Kim, S.J., Parise, J.B.: J. Mater. Chem. 10 (2000) 451. 

2001Lee1 Lee, Y., Hriljac, J.A., Vogt, T., Parise, J.B., Artioli, G.: J. Amer. Chem. Soc. 123 (2001) 
12732.

2002Com1 Comodi, P., Gatta, G.D., Zanazzi, P.F.: Eur. J. Mineral. 14 (2002) 567. 
2002Lee1 Lee, Y., Vogt, T., Hriljac, J.A., Parise, J.B., Artioli, G.: J. Amer. Chem. Soc. 124 (2002) 

5466.
2002Lee2 Lee, Y., Vogt, T., Hriljac, J.A., Parise, J.B., Hanson, J.C., Kim, S.J.: Nature 420 (2002) 485. 

2003Lee1 Lee, Y., Hriljac, J.A., Kim, S.J., Hanson, J.C., Vogt, T.: J. Amer. Chem. Soc. 125 (2003) 
6036.

2004Lee1   Lee, Y., Martin, C.D., Parise, J.B., Hriljac, J.A., Vogt, T.: Nano. Lett. 4 (2004) 619. 
2004Ser1 Seryotkin, Y.V., Bakakin, V.V., Belitsky, I.A.: Eur. J. Mineral. 16 (2004) 545. 

2005Col1   Colligan, M., Lee, Y., Vogt, T., Celestian, A.J., Parise, J.B., Marshall, W.G., Hriljac, J.A.:  
 J. Phys. Chem. B  109 (2005) 18223. 
2005Lee1 Lee, Y., Hriljac, J.A., Vogt, T.: Amer. Mineral. 90 (2005) 247. 
2005Lee2  Lee, Y., Hriljac, J.A., Parise, J.B., Vogt, T.: Amer. Mineral. 90 (2005) 252. 
2005Ser1 Seryotkin, Y.V., Bakakin, V.V., Fursenko, B.A., Belitsky, I.A., Joswig, W., Radaelli, P.G.: 

Eur. J. Mineral. 17 (2005) 305. 

2006Dem1 Demontis, P., Gulin-González, J., Suffritti, G.B.: J. Phys. Chem. B  110 (2006) 7513. 
2006Lee1   Lee, Y., Hriljac, J.A., Parise, J.B., Vogt, T.: Am. Mineral. 91 (2006) 247. 
2006Lee2   Lee, Y.:  personal communication (2006). 
2006Par1    Park, S.H., Boysen, H., Parise, J.B.: Acta Crystallogr. B62 (2006) 42. 
2006Sne1   Snejko, N., Medina, M.E., Gutierrez-Puebla, E., Monge, M.A.: Inorg. Chem. 45 (2006)
               1591. 

Gone to press May 1, 2006


	PREVIOUS DOCUMENT
	NEXT DOCUMENT
	 
	LB-Home
	Contents Vol. IV/14D
	Frontmatter
	Title page
	Contributors
	Preface

	Introduction
	1  General remarks
	2  Systematics, descriptions, and definitions
	2.1  Modifications and changes
	2.2  Minerals with zeolite-type frameworks
	3  List of abbreviations
	4  Polyhedral units, 1D-units, and 2D-nets
	5  Chemistry
	6  References

	Zeolite-Type Crystal Structures. Framework type codes LTA to RHO
	Index to Crystal Structures
	NAT
	1  Zeolite framework type and topology
	2  Compounds and crystal data
	3  Framework structures
	4  Chemical composition
	5  Flexibility and apertures
	6  Other information
	7  Ignored work
	8  References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


