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Abstract 

Samples of two differently prepared zeolite rho 
loaded with different amounts of dimethylamine 
(DMA) were studied in their hydrated forms by X-ray 
diffraction. Both zeolites are partially dealuminated, 
as indicated by nonframework A1 which is assumed 
to be A1203 or A1OOH. Series I was prepared 
from dry-calcined NHn-rho at 873 K, series II from 
steam-calcined NHn-rho at 773 K. The samples were 
loaded with different amounts of DMA. Rietveld 
refinements yielded the following results for series 
I: (1) H3.8(H-DMA)sCs0.2AI9Si39096.A1203.21H20, 
X-ray data collection at room temperature, Im3m, 
a = 15.0590 (2) /~, Rwp = 0.089; (2) (H-DMA)s.s- 
Cso.2Al9 Si39096.A1203.18H20, X-ray data col- 
lection at room temperature, Im3m, a = 
1 5 . 0 6 8 0 ( 2 ) A , ,  Rwp = 0.091. Series II: (3) H0.3(H- 
DMA)sCs0.TA16Sia2096.2.5AleO3.24HeO, X-ray data 
collection at room temperature, Im3m, a = 15.0596 (2) A,, 
Rwp = 0.120. DMA resides on the center axis through 
the c~-cage with the N atoms pointing to the single 
eight-ring and the two methyl groups oriented towards 
the center of the c~-cage. 

1. Introduction 

This is the second part of our investigation of 
methylamine-loaded zeolite rho. The first part 
(Weidenthaler, Fischer, Abrams & Hewat, 1997) 
dealt with monomethylamine (MMA)-loaded zeolites 
studied by thermal analyses and neutron and X-ray 
diffraction experiments. Here we describe the zeolite 
rho modifications loaded with dimethylamine (DMA), 
which is the preferred product in the commercial 
production of methylamines by size-selective catalysis. 

2. Experimental 

2.1. Sample preparation 

All samples were prepared as described in 
Weidenthaler et al. (1997). The hydrogen forms of the 

t Part of this work was carried at the lnstitut fiir Geowissenschaften 
der Universit~t Mainz, Germany. 
$ Contribution No. 7368. 

zeolites were prepared from NH4-rho by deammoniation 
under shallow bed conditions in dry nitrogen at 873 K 
(Series I) and under steam at 773 K (Series II), as 
described previously. The samples dehydrated at 633 K 
were exposed to different amounts of DMA, as given 
in Table 1. The methylamines are expected to be 
associated with the H atoms of the hydrogen zeolite 
to form ionic groups of H-DMA ÷. Thermal analyses, 
X-ray diffraction experiments and Rietveld analyses 
were performed with the equipment and programs 
described in Weidenthaler et al. (1997). 

3. Results 

The reactions and weight losses for the differently loaded 
samples are shown in Fig. 1, the corresponding data are 
given in Table 1. The thermal reactions proceed similarly 
as in the case of the MMA zeolites (see also discussion 
of deviations between the amount of sorbed molecules 
and the amount of thermally analysed molecules in 
Weidenthaler et al., 1997). 

For the Rietveld analyses, intramolecular distances 
and angles in DMA were restrained by prescribed dis- 
tances (mean value for C--N = 1.4735 A, C--N---C = 
113.0 °) taken from Thomas & Pramatus (1975). All 
structure analyses were performed with combined 
Rietveld and distance least-squares (DLS) runs. Crystal 
data are listed in Table 2.t 

3.1. Rho-I-5DMA 

Fourier calculations following refinements of the zeo- 
lite framework yielded electron density maxima at 0, 0, 
0.35 and 0, 0.05, 0.23, which were assigned to N atoms 
and to the C atoms of the methyl groups, respectively 
(Fig. 2). Incorporation of the N position improved the 
Re value by 0.081 and the C atom position lowered the 
residual by another 0.115. Additional electron density 
was assigned to water positions. Final atomic parameters 
are listed in Table 3, observed and calculated diffraction 
patterns are shown in Fig. 3(a). 

t The numbered intensity of each measured point on the prolilc 
has been deposited with the IUCr (Reference: SE0200). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbcy Squarc, Chestcr CHI 2HU, England. 
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Table 1. DMA loadings in the zeolite rho samples 

Water content determined by TG analysis in the temperature range between room temperature and 673 K (samples Rho-I-9DMA between room 
temperature and 623 K), methyl amine content between 673 and 973 K; series II: shallow bed calcined under steam at 773 K, water determined 
between room temperature and 573 K, methyl amine content between 573 and 1073 K. See Weidenthaler et al. (1997) for definitions. 

Sample Initial loading Weight loss of No. of Weight loss of No. of Desorption 
series (no. per unit cell) H20 (mg) H20 per unit cell DMA (mg) DMA per unit cell temperature (K) 

Rho-I 5 DMA 6.5 20.5 5.3 6.5 733 
Rho-I 9 DMA 3.1 17.8 3.9 8.7 703 
Rho-II 5 DMA 5.1 23.5 3.7 6.7 653 

3.2. R h o - I - 9 D M A  

Although the DMA loadings are higher in this sample, 
Fourier maps did not reveal the molecule positions 
as clearly as in sample Rho-I-5DMA with a lower 
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Fig. 1. Thermal reactions recorded by differential thermal analyses 

(DTA) and weight loss determined by thermogravimetry (TG): 
(a) Rho-I-5DMA; (b) Rho-I-9DMA; (c) Rho-II-5DMA. 

T a b l e  2. Crystal data [space group, lattice constant a, 
volume V, framework density FD (no. of T atoms per 
1000f13), channel aperture A] and residuals; for 

definitions see Weidenthaler et al. (1997), Table 3 

Rho-I Rho-II 
5 DMA 9 DMA 5 DMA 

Space group lm~3m Im~3m Im~3m 
a (A) 15.0590(2) 15.0680(2) 15.0596(2) 
V (,~3) 3415.0 3421.1 3415.4 
FD (10-3,~ -3) 14.06 14.03 14.05 
A (,~) 3.90 3.78 3.81 
Rwp 0.089 0.091 0.120 
RB 0.047 0.064 0.049 

Apertures represent the smallest diameters of the channels as defined 
by Baur & Fischer (1997). Based on ionic oxygen (r = 1.35~,). 

loading. Just the N atom and the W1 positions could be 
directly inferred from the Fourier analyses. Successive 
r e f i n e m e n t s  and  e l ec t ron  dens i t y  m a p s  f inal ly  g a v e  the  
resul ts  l i s ted  in  Table  3. T h e  s u m  o f  the  o c c u p a n c i e s  o f  
N, Cs  and  W1 was  c o n s t r a i n e d  to 12 a t o m s  pe r  un i t  cel l  
to a c c o u n t  for  the  c lo se  con tac t s  b e t w e e n  these  a toms .  
T h e  o c c u p a n c i e s  o f  W1 and  Cs,  h o w e v e r ,  w e r e  a l l o w e d  
to y i e ld  a s u m  o f  12 a toms ,  t o g e t h e r  w i t h  the  n ine  D M A  
m o l e c u l e s .  F ina l  a t o m i c  p a r a m e t e r s  are  l i s ted  in Tab le  3, 
o b s e r v e d  and  ca l cu l a t ed  d i f f r ac t ion  pa t t e rns  are s h o w n  

in Fig.  3(b).  

Fig. 2. Fourier map of the sample Rho-I-5DMA in the layer z = 0 with 
Fobs values from X-ray diffraction data and Fcalc values from the 
corresponding refinements of the framework atoms. The highest 
maximum is scaled to 999. The positions of the molecules are 
indicated by the labels for the N and C atoms. 
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Table  3. Atom positions in fractional coordinates 

Isotropic displacement factors (,~z) and occupancies given in number of atoms per unit cell. 

Sample Atom x y z 
! Rho-I-5 DMA Si/AI 1/4 0.1024 (1) ~ - y 

Rho-I-9 DMA Si/AI i/4 0.1025 (1) ~ - y 
Rho-II-5 DMA Si/AI 1/4 0.1027 (1) ~ - y 
Rho-I-5 DMA Ol 0 0.2191 (3) 0.3781 (2) 
Rho-I-9 DMA O 1 0 0.2150 (3) 0.3790 (2) 
Rho-II-5 DMA O1 0 0.2162 (3) 0.3810 (3) 
Rho-I-5 DMA 02 0.1665 (2) x 0.3780 (3) 
Rho-I-9 DMA 02 0.1654(2) x 0.3751 (3) 
Rho-II-5 DMA 02 0.1653 (2) x 0.3751 (4) 
Rho-I-5 DMA Cs 0 0 0.4149 (6) 
Rho-I-9 DMA Cs 0 0 0.4259 (6) 
Rho-II-5 DMA Cs 0 0 0.435 (1) 
Rho-I-5 DMA W1 0 0 0.4149 (6) 
Rho-I-9 DMA WI 0 0 0.323 (5) 
Rho-II-5 DMA W1 0 0 0.325 (l) 
Rho-I-5 DMA W2 0.0300 (7) x 0.2683 (7) 
Rho-I-5 DMA W3 0.1549 (7) x 0.139 (1) 
Rho-I-9 DMA W3 0.1629(7) x 0.138(1) 
Rho-II-5 DMA W3 0.132 ( 1 ) x 0.188 (2) 
Rho-I-5 DMA W4 0.0570 (9) x 0.103 (1) 
Rho-I-9 DMA W4 0.0456 (7) x 0.1427 (7) 
Rho-II-5 DMA W4 0.0460 (9) x 0.1675 (9) 
Rho-I-5 DMA N 0 0 0.3174 (7) 
Rho-I-9 DMA N 0 0 0.3053 (6) 
Rho-II-5 DMA N 0 0 0.2974 (12) 
Rho-I-5 DMA C 0.0539 (8) 0.0616 (8) 0.2629 (7) 
Rho-I-9 DMA C 0.0406 (8) 0.0707 (6) 0.2534 (6) 
Rho-II-5 DMA C 0.0253 (8) 0.0893 (6) 0.2673 (11 ) 

* Occupancies 
molecules. 

constrained to give a total of 12 atoms in the sum of WI, Cs and DMA with a fixed 

Atoms per Wyckoff 
B unit cell position 

1.15 (4) 39/9 (48i) 
1.45 (4) 39/9 (48i) 
1.73 (5) 42/6 (48i) 
4.7 (1) 48 (48j) 
3.5 (1) 48 (48i) 
2.6 (2) 48 (48j) 
B(O1) 48 (48k) 
B(O1) 48 (48k) 
4.5 (2) 48 (48k) 
5 0.6(1)* (12e) 
5 1.4(1)* (12e) 
5 1.0(1)* (12e) 
5 6.4(1)* (12e) 
5 1.6(1)* (12e) 
5 6.6(1)* (12e) 
5 13.0 (1) (48k) 
5 14.4 ( 1 ) (48k) 
5 12.3 ( 1 ) (48k) 
5 11.4 (2) (48k) 
5 6.8 (1) (48k) 
5 11.1 (1) (48k) 
5 ! 1.2 (2) (48k) 
5 5 (12e) 
5 9 (12e) 
5 5 (12e) 
5 10 (96/) 
5 18 (96/) 
5 10 (96/) 

number of 5, respectively, with nine DMA 

3.3. Rho-II-5DMA 

Analysis  steps similar  to R h o - I - 5 D M A  and Rho-I-  
9 D M A  led to the results l isted in Table 3 and shown 
in Fig. 3(c). The  chabazi te  impuri ty  was treated as a 
second phase in the ref inements  with lattice constants  
a = 13.67(1)  and c = 14 .72 (3 ) ] t .  All posi t ions deter-  
mined  in the Fourier  analyses  remain  relat ively stable in 
the ref inements ,  conf i rming  the correct  ass ignments  of  
a tomic posit ions.  

4. Discussion 

All the samples  studied here crystal l ize in the space 
group lm3m. Therefore ,  the f r amework  structures exhibi t  
only  small  variat ions in their  lattice constants  and 
channel  apertures. All values (Table 2) lie wi thin  the 
range expec ted  for cen t rosymmet r i c  zeoli tes  rho (Baur  
& Fischer,  1997). The  D M A  molecu les  reside with their 
central  N a toms on 0, 0, z c lose  to the s ingle eight-r ing,  
as shown in Fig. 4. The  methy l  groups represented  by the 
central C atoms are found on general  posi t ions point ing 
away f rom the s ingle  e ight- r ing towards  the center  of  
the ~-cage .  The  molecu le  is or iented  in such a way that 
the C a toms point  away from the f r amework  O1 and 0 2  
atoms, as shown in Fig. 4(b). However ,  small rotations 
about 0, 0, z al ternately yie ld  c loser  contacts  with the 

O1 or 0 2  atoms.  In R h o - I - 5 D M A  the closest  contact  of  
the methy l  group to f r amework  O a toms is 2.89 ]1 to 
0 2 .  In R h o - I - 9 D M A  and R h o - I I - 5 D M A  the molecu le  
is sl ightly rotated about 0, 0, z, approaching  O1 with 
C - - O  dis tances  of  2.95 and 2.59 ]1, respect ively .  

Sorpt ion of  D M A  causes a reduct ion  of  the water  
content ,  compared  with samples  conta in ing  the smal ler  
M M A  molecules .  Especia l ly  the WI and W2 sites are 
reduced  in their  water  content .  The  W3 site does  not 
s eem to be affected by the size and amoun t  of  molecules .  
However ,  changes  of  a few molecu les  are not s ignif icant  
cons ider ing  the statistical dis tr ibut ion of  molecu les  on 
the partially occupied  sites. As d iscussed  in the previ-  
ous paper  on the M M A  zeol i tes  (Weiden tha le r  et al., 
1997), some  water  molecu les  could  statistically occupy  
the same posi t ions as n o n f r a m e w o r k  a l u m i n u m  species  
(n.f.a.), wh ich  form c o n d e n s e d  complexes  of  A1203 or 
A1OOH. The  n.f.a, a toms are expec ted  to be r andomly  
dis t r ibuted in the zeol i te  cavit ies  and therefore  wil l  not  
be de t e rmined  unambiguous ly  in the crystal  structure 
de terminat ions .  Selec ted  intera tomic dis tances  are l isted 

in Table 4. 

This  work  was suppor ted  by the Deu t sche  Fors-  
c h u n g s g e m e i n s c h a f t  u n d e r  grant  F i442/2 .  A H e i s e n b e r g  
fe l lowship  to R X F  is gra teful ly  a c k n o w l e d g e d .  
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C o m p u t i n g  t i m e  was  p r o v i d e d  by  the  Z e n t r u m  fiir 

D a t e n v e r a r b e i t u n g ,  U n i v e r s i t y  o f  M a i n z .  W e  t h a n k  U.  
C ie s l a  and  W .  S c h m i d t  ( U n i v e r s i t y  o f  F r a n k f u r t )  for  the  
t h e r m a l  ana lyse s ,  N.  G r o s c h o p f  ( U n i v e r s i t y  o f  M a i n z )  

fo r  s u p p o r t  w i th  the  c h e m i c a l  ana lyses  and  W .  H.  B a u r  
( U n i v e r s i t y  o f  F r a n k f u r t )  fo r  his  ca r e fu l  r e a d i n g  and  
n u m e r o u s  c o m m e n t s  o n  the  m a n u s c r i p t .  
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Fig. 3. Observed (dots) and calculated (solid line) intensity profiles 

with difference plot underneath. Theoretical peak positions are 
indicated by tick marks below the bottom line of the profiles: 
(a) Rho-I-5DMA; (b) Rho-I-9DMA; (c) Rho-II-5DMA. 

Tab l e  4. Selected interatomic distances (il) and angles 
(~) 

Rho-I Rho-II 
5 DMA 9 DMA 5 DMA 
X-ray X-ray X-ray 

T--O1 1.638(4) 2x 1.656(4) 1.647(5) 2x 
T--O2 1.612(3) 2x 1.624(3) 1.621 (4) 2x 
mean 1.625 (4) 1.640 (4) 1.634 (5) 
O 1 - - T - - O I  114.7(2) 114.6(2) 112.0(3) 
O I - - T - - O 2  106.6(2) 2x 105.0(2) 2x 105.8(2) 2x 
O1- -T- -O2  108.0(2) 2x 110.2(2) 2x 110.5(2) 2× 
O2- -T- -O2  113.0(2) 111.9(2) 112.4(2) 
mean 109.5 (2) 109.5 (2) 109.5 (2) 
N- -Ol  3.424(4) 4x 3.425(5) 4x 3.490(7) 4× 
N--O2 3.661 (4) 4x 3.679(4) 4x 3.709(6) 4x 
C--O1 2.95(1) 2.59(1) 
C--O2 2.89(1) 

4 

(a) 

(b) 

Fig. 4. Projection of the framework structure of Rho-I-5DMA as a 
skeleton model with the DMA molecule close to the single eight- 
ring. The small circles represent the N atoms, the larger circles C 
atoms (methyl groups): (a) side view; (b) top view. 
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