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The structure of cyclotrimethylene-trinitramine (RDX), C3H 6N 60 6 , has been refined from single-crystal 
neutron-diffraction data. The final weighted R index for 836 independent reflections is 0·021. The 
compound crystallizes in the orthorhombic space group Pbca, a= 13·182 (2), b = 11·574 (2), c= 10·709 (2) . 
A, Z = 8. The molecule consists of alternate CHz and N - NOz groups in a puckered ring. The environment 
of the carbon atoms is essentially tetrahedral, and the N-NOz groups are planar. The molecule possesses 
a plane of approximate mirror symmetry perpendicular to the plane defined by the three carbon atoms. 
The thermal motion may be described by rigid-body motion of the ring and separate rigid-body motion 
of the nitro groups. 

Introduction 

The compound cyclotrimethylene-trinitramine, 
C3H 6N 60 6 , also known as Cyclonite, or by the code 
designation RDX, is a well known explosive. There are 
two known polymorphic forms, designated RDX(I) 
and RDX(II) (McCrone, 1950). The structure of 
RDX(II) has not been determined because of the dif
ficulty of obtaining and preserving well formed crys
tals, even for short periods, owing to its extreme insta
bility. This paper describes the refinement of the struc
ture of RDX(I); it will be referred to hereafter simply 
as RDX. 

The crystal structure of RDX was first investigated 
by Hultgren (1936). He reported that it possesses or- . 
tho rhombic symmetry, with eight molecules per unit 
cell and most probable space group V~S(Pbca). A com
plete crystal morphology has been reported by Mc
Crone (1950). The crystal structure of RDX was re
investigated by Harris & Reed (1959) using three-di
mensional X-ray photographic data. They determined 
the complete crystal structure except for the hydrogen 
positions. The present study was undertaken to com
plete the crystal structure by determining the hydrogen 
positions and refining overall structural details. 

Experimental 

The unit-cell dimensions were determined by a least
squares fit to scattering angles measured by X-ray dif
fraction. For this, the scattering angles (2f)) of the 30 
most intense reflections having scattering angles in the 
range 35 to 60° were measured on an automated Picker 
4-circle diffractome~er with Mo K(X radiation mono
chromated by a pYFolytic graphite plate. The unit-cell 
dimensions thus 06t'ained are, a= l3·182 (2), b = 11·574 
(2), c = 10·709 (2)· A, and D", = 1·806. The observed 

density is reported as Dm = 1-816 (Federoff & Sheffield, 
1966) and the melting point is 205 °C (McCrone, 1950). 

A crystal, approximately 1·4 x 1·2 x 0·9 mm, was 
used for this experiment. The crystal was mounted on 
a four-circle neutron diffractometer controlled by acom
puter (Alperin & Prince, 1970). The crystal was oriented 
with its a axis nearly, but not exactly, parallel to the 
rp axis, in order to avoid systematic effects due to mul
tiple diffraction. The diffraction intensities were meas
ured by the procedure described by Prince (1972). 
With a neutron wavelength of 1·232 A and a limiting 
2f) angle of 100° there are 1590 independent reflections. 
The intensity at the peak position of each reflection 
was compared with the intensities at background po
sitions on either side, and if the peak intensity (Ip) did 
not exceed background (Ib) by 2CT, where CT is given by 
CT=(Ip+Ib)l/Z, the reflection was considered to be un
observed. 836 of the 1590 independent reflections had 
observable intensities. The intensities of all observed 
reflections were converted to relative structure factors 
and each was assigned a standard deviation, CTF , based 
on counting statistics. The calculated linear absorp
tion coefficient is 1·2 cm -1, assuming an effective in
coherent scattering cross-section for hydrogen of 42 x 
10- 24 cm2 (Rush, Taylor & Havens, 1962). The maxi
mum variation in F due to absorption is less than 
± 0·8 %. This was considered to be negligible, and no 
absorption corrections were made. 

The positional parameters for the heavy atoms, as 
determined by Harris & Reed (1959), were used to 
compute signs for Fo and (Fo - FJ Fourier syntheses. 
All hydrogen atom positions were determined from the 
difference synthesis. Three cycles of least-squares re
finement with the program RFINE (Finger, 1968) with 
isotropic temperature factors, gave a weighted R index 
{IVR = [Lw(slFol - lFcI)2/.LwF~P/2 where s is the scale fac-

. tor and W= I/CT}} of 0·093. The refinement was continued 
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with anisotropic temperature factors for all atoms. An where s is the number of reflections in a subset, for 
isotropic secondary extinction parameter, S, was in- subsets of the observed reflections divided according 
eluded in the refinement, using the formula (Zacharia- to ranges of F and sin BjA. The difference Fourier map 
sen, 1968) Fcor = IFcl(1 + SfJF~)-1 /4, where fJ is a param- obtained after final least-squares refinement was fea
cter proportional to the Lorentz factor. The final value tureless. 
of S was 0·484 x 10-3 for fJ= Ijsin 2B. The two strong- I 
est reflections, 102 and 200, with calculated extinction 

Discussion 

factors of 0·7282 and 0·7275 respectively, were omitted The heavy atom positions obtained in the present work 
from the final stage of refinement because of severe all agree well with those reported in the previous X-ray 
extinction. The final discrepancy indices were wR= study of Harris & Reed (1959), with differences of less 
0·021 and R = 0·039 for all observed reflections except than 0·02 A in bond length and 0.8 0 in bond angle. 
the two strongest reflections. The largest parameter The interatomic distances and angles in the RDX mol
shift in the last cyele was less than 0·01 of the standard ecule, as obtained in the present study, are given in 
deviation. The final least-squares parameters are given Table 3. "The molecule of RDX consists of three N
in Table 1, and"the observed and calculated structure N02 groups linked to three methylene groups alter
factors are listed in Table 2. There was no observable nately to form a puckered, six-membered C-N ring 
trend in the values of the function IjsLsW(lFol-lFcl)\ ......... (see Figs. 1 and 2). The N(1)-N02 group is essentially 

Table 1. Final least-squares parameters for the structure of RDX 
Thermal parameters are the coefficients, B/I (A2), 

I 

in the form exp [-t (Blla*2Jz2 + B22b*2k2 + B33C*2[2 + 2BI2a*b*Jzk + 2BI3a*c*hl + 2BiSb*c*kl)]. 

The estimated standard deviations are in parentheses. 

x/a (x 104) y/b (x 104) z/c (x 104) Bll (x 102) B22 (x 102) B33 (x 102) BI2 (x 10'2) BI3 (x 102) B23 (x 102) 
C(1) 1839 (3) 3578 (3) 4400 (3) 322 (15) 297 (13) 206 (14) -70 (13) -69 (11) 7 (12) 
C(2) 503 (2) 2440 (2) 3395 (3) 233 (15) 145 (11) 344 (13) 8 (13) -1 (13) -17(11) 
C(3) 1487 (2) 3813 (3) 2159 (3) 252 (14) 332 (16) 175 (14) -34(13) 34 (11) -31 (12) 
N(1) 1761 (2) 4360 (2) 3330 (2) 267 (8) 266 (8) 251 (9) -109 (8) 1 (8) 0(8) 
N(2) 877 (2) 2996 (2) 4537 (2) 295 (9) 210 (8) 250 (9) 14 (8) 33 (8) 9 (7) 
N(3) 536 (1) 3222 (2) 2329 (2) 211 (9) 228 (8) 274 (9) 15 (3) - 35 (7) -37 (7) 
N(4) 2260 (2) 5379 (2) 3346 (2) 217 (8) 241 (9) 348 (10) - 55 (8) 79 (9) -26 (9) 
N(5) 155 (2) 3525 (2) 5294 (2) 455 (14) 322 (10) 256 (10) 157 (10) 104 (9) 77 (9) 
N(6) - 333 (2) 3875 (2) 2078 (2) 284 (II) 306 (10) 316 (10) 72 (9) -72 (9) - 53 (8) 
0(1) 2270 (3) 5932 (3) 2388 (4) 566 (23) 330 (17) 407 (19) -122 (18) 82 (17) 68 (16) 
0(2) 2649 (3) 5687 (3) 4338 (4) 342 (16) 330 (17) 417 (19) -86 (15) -13 (16) -131(14) 
0(3) - 693 (3) 3142 (4) 5262 (4) 333 (21) 718 (26) 426 (20) 138 (21) 153 (17) 156 (19) 
0(4) 454 (4) 4271 (3) 5990 (3) 894 (32) 381 (21) 258 (16) 251 (22) 57 (20) -53 (15) 
0(5) -1121 (3) 3534 (4) 2504 (4) 246 (16) 572 (25) 584 (25) 44 (17) -62 (16) 22 (21) 
0(6) -236(4) 4691 (4) 1390 (4) 644 (27) 441 (23) 415 (20) 185 (21) -91 (20) 62 (18) 
H(I) 2401 (6) 2944 (7) 4226 (7) 372 (33) 532 (36) 564 (37) -14 (30) -128 (31) 141 (32) 
H(2) 2013 (6) 4068 (6) 5244 (6) 762 (43) 560 (37) 270 (29) -201 (34) -127 (29) - 59 (28) 
H(3) -261 (5) 2117(6) 3540 (6) 371 (34) 433 (33) 597 (35) -146 (29) -18 (31) 16 (27) 
H(4) 1015 (5) 1728 (5) 3192 (7) 464 (30) 263 (26) 594 (37) 89 (27) -16 (27) -114(27) 
H(5) 2052 (5) 3166 (6) 1917 (6) 314 (28) 602 (37) 524 (37) 46 (30) 80 (25) -225 (30) 
H(6) 1440 (6) 4432 (7) 1413 (7) 637 (44) 602 (39) 363 (35) -170 (35) 17 (28) 108 (31) 

04 

02 

06 

Fig. 1. RDX molecule showing a stereoscopic pair viewed from top of the molecular ring. 
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coplanar but the N(2)-N02 and N(3)-N02 groups are 
slightly bent. The distances of atoms from the best fit 
mean plane of each N-N02 group are given in Table 
4. The bond lengths and bond angles of the N(2)-

NOz and N(3)-N02 groups are very similar but the 
configuration of the N(l)- N02 group is quite different. 
For the N(l)-N02 group, the N-N distance is shorter 
by approximately 0·04 A, and the C-N-N angles are 
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Table 2. Observed and calculated structure factors for RDX 
Unobserved reflections are indicated by an asterisk. 
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2860 CRYSTAL STRUCTURE OF CYCLOTRIMETHYLENE-TRINITRAMINE 

larger by more than 3°. The mean plane of the N(I)
NOz group is inclined to the plane defined by the three 
carbon atoms by only 18°, but the N(2)-N02 and N(3)
N02 planes are both inclined by 62°. Thus the trigonal 
molecular symmetry, which might be expected in the 
free RDX molecule, is not observed in the crystalline 
state, but there is a pseudo mirror plane passing 
through the atoms N(4), N(l), C(2), H(3), and H(4). 
These atoms are essentially coplanar with the plane 
defined by 0·1869x-0·llOly+0·9762z=3·3648. The 
atomic distances from the pseudo mirror plane and 
the inclination angles of the interatomic vectors be
tween the two pseudo mirror symmetric atoms are 
summarized in Table 5. Only oxygen atoms show sig
nificant departures from the mirror symmetric posi
tions. All the pseudosymmetry-related bond lengths 
and angles in a molecule agree within two standard 
deviations, with the exception of the N-N-C angles, 
which disagree by at most 1'5°. 

Table 3. Interatomic distances and angles in RDX 

(a) Distances 
C(1)-N(1) 
C(1)-N(2) 
C(2)-N(3) 
C(2)-N(3) 
C(3)-N(3) 
C(3)-N(I) 

C(I)-H(I) 
C(1)-H(2) 
C(2)-H(3) 
C(2)-H(4) 
C(3)-H(5) 
C(3)-H(6) 

(b) Angles 

1-464 (4) A 
1-443 (4) 
1·468 (4) 
1·458 (4) 
1·440 (4) 
1-450 (4) 

1-058 (I 0) 
1-092 (8) 
1-085 (8) 
1-087 (7) 
1-088 (8) 
1-075 (9) 

N(I)-C(I)-N(2) 107-8 (2t 
N(I)-C(I)-H(I) 109-9 (4) 
N(I)-C(I)-H(2) 110-0 (4) 
N(2)-C(I)-H(I) 108-0 (4) 
N(2)-C(1 )-H(2) 110-0 (5) 
H(I)-C(I)-H(2) 111-0 (6) 

N(2)-C(2)-N(3) 111 -7 (2) 
N(2)-C(2)-H(3) 110-1 (4) 
N(2)-C(2)-H(4) 106-9 (4) 
N(3)-C(2)-H(3) 110-7 (4) 
N(3)-C(2)-H(4) 107·2 (4) 
H(3)-C(2)-H(4) 110-1 (6) 

N(3)-C(3)- N(l) 108-4 (2) 
N(3)-CO)-H(5) ION (4) 
N(3)- C(3)-H(6) 111-1 (4) 
N(I)-C(3)-H(5) 109-6 (4) 
N(I)- C(3)-H(6) 11H (5) 
H(5)-C(3)-H(6) 108-8 (6) 

N(l)-N(4) 
N(2)- N(5) 
N(3)-N(6) 

N(4)-0(I) 
N(4)-0(2) 
N(5)-0(3) 
N(5)-0(4) 
N(6)-0(5) 
N(6)-0(6) 

C(3)-N(I)-C(1) 
C(3) N(I)-N(4) 
C(1)-N(I)-N(4) 
N(1)-N(4)-0(1) 
N(I)-N(4)-0(2) 
0(1) N(4)-0(2) 

C(1)-N(2)-C(2) 
C(I )-N(2)-N(5) 
C(2)-N(2)-N(5) 
N(2)-N(5)-0(3) 
N(2)-N(5)-0(4) 
0(3)-N(5)-0(4) 

C(2)-N(3)- C(3) 
C(2)-N(3)-N(6) 
C(3)-N(3)-N(6) 
N(3)-N(6)-0(5) 
N(3)-N(6)- 0(6) 
0(5)-N(6)-0(6) 

1·351 (3) A 
1·392 (3) 

. 1·398 (3) 

1·209 (5) 
1·233 (4) 
1·203 (5) 
1-207 (5) 
1-201 (5) 
1-205 (5) 

115-1 (2)0 
120-9 (2) 
119-7 (2) 
117-2 (3) 
117-8 (3) 
125·0 (3) 

114-6 (2) 
117·1 (2) 
116-6 (2) 
117-2 (3) 
116-8 (3) 
125-7 (4) 

114·8 (2) 
117-5 (2) 
115-6 (2) 
117-3 (3) 
117-0 (3) 
125-5 (4) 

The methylene groups have essentially tetrahedral 
configurations, with the bond angles in the range of 
109·5 ± 2°, and the H-C-H planes perpendicular to the 
N-C-N planes. The C-H bonds range from 1·06 to 
1·09 A. When corrections for the thermal vibrations 
are applied by the riding model, they increase to be
tween 1·09 and 1·13 A. 

Table 4. The atomic distances from the best-fit mean 
planes of N-NOz groups 

The mean planes are : 
0-8473x -0-460Iy - 0-2654z = -1-2993 for N(1)-N02 
0-2 116x -0-6696y +0-7120z= 1-3744 for N(2)-N02 

-0-1646x -0-5725y -0-8032z= -4-2606 for N(3)-N02. 

N(I)-N02 N(2)-N02 N(3)- N02 
N(I) -0-002 
N(4) 0-008 
0(1) -0-003 
0(2) -0-003 
N(2) 0-007 
N(5) -0-026 
0(3) 0-010 
0(4) 0-009 
N(3) 0-006 
N(6) -0-022 

'0(5) 0-008 
0(6) 0-008 
C(1) 0-198 - 0-280 
C(2) -0-536 -0-386 
C(3) 0-316 -0-446 

Table 5. Atomic distances from the pseudo mirror plane 

Atoms in plane Symmetry-related atom pair 
Distances Distances Angle 

N(4) -0-005 A C(1) ... C(3) -1,23 A 1·23 A 900 
N(1) 0-006 N(2)' " N(3) -1-21 1-21 90 
C(2) 0-003 N(5)" 'N(6) -1-76 1-77 89 
H(3) -0-002 0(2) ' - -0(1) -1,10 1-07 87 
H(4) -0-002 0(3)' - . 0(5) -I-56 1-47 88 

0(4) ' - . 0(6) -2-46 2-57 89 
H(I) " ' H(5) -1-27 1·26 90 
H(2) " 'H(6) -2-09 2-10 90 

One hydrogen atom in each methylepe group is al
ways located very close to oxygen atoms of adjacent 
nitro groups on both sides, with the distances ranging 
from 2·22 to 2·30 A. The C···O intramolecular dis
tances are also short, ranging from 2·63 to 2-68 A. Al
though the C-H· . ·0 angles, 99 ± 1°, are much smaller 
than those in conventional hydrogen bonds, the oxygen 
atoms of the nitro-groups are bound tightly to the mol
ecular ring by strong O· . . H as well as O· .. C inter-

H(4) H(1 ) 

H(3) 

0(2) 

0(6) 

Fig. 2. Side view of the RDX molecule. 
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actions and tend to form approximately planar C1N
N01 groups. Consequently, we may expect to find 
some degree of rigidity in the RDX molecule. The rigid 
body motion analysis by the method of Schomaker & 
Trueblood (1968) was applied to all the heavy atoms 
of the molecule, as shown in Table 6. The r.m.s. 
DELTA U(I,J) was 0·008 A1 and the e.s.d. of the 
DELTA U(I,J) was 0·009. The disagreement with 
rigid-body molecular motion was greatest for the nitro 
group atoms. When the rigid-body analysis was ap
plied to the ring atoms alone, the agreement was ex
cellent; the r.m.s. DELTA U(I,J) was 0·0013 A1 and 
the e.s.d. of the DELTA U(I,J) was 0·0019. These 
facts may suggest that each nitro group possesses an 
independent libration superimposed upon the molec
ular libration, as is observed in the other nitro com
pounds, cyclotetramethylene tetranitramine (Choi & 
Boutin, 1970) and s-trinitrobenzene (Choi & Abel; 
1972). The principal axis of the largest molecular li
bration lies almost exactly on the pseudo mirror plane, 
and has inclination angles of 34° with the N(1)- N(4) 
bond and 56° with both the other N-N bonds. Rigid 
body motion analysis of the nitro group alone is not 
possible because of the indeterminacy which occurs in 
the case of planar -groups with five or fewer atoms. 
However, an investigation of the thermal ellipsoids of 
the nitro-group atoms shows clear evidence of rigid 
body motion, as shown in Table 7. We define Cartesian 
coordinate axes (radial, normal, and tangent) to which 
we refer the directions of the largest root-mean-square 
displacements, R3 , separately for each atom. For each 
atom of a nitro group, the radial axis is directed from 
the ring nitrogen to which the nitro group is attached 
toward that atom, and the normal axis is perpendicular 
to both the radial axis and the O · . ·0 vector of the 
nitro group. The normal axis, as defined above, is ap
proximately normal to the best fit mean plane of the 
N-N01 group, with angular deviations of less than 1·5° 
for all three groups. The largest thermal vibration am
plitudes occur in the directions of tangential axes for 
all atoms except 0(1) and 0(5), where they are in the 
normal direction. The direction of the least vibration 
amplitude is always along the radial axis. This is con
sistent with rigid-body motion of the nitro group with 
two dominant modes, one about the normal axis pas
sing through the ring nitrogen atom and the other about 
a radial axis somewhere near the N-N bond. 

Table 6. Rigid-body motion analysis 
(a) Rigid-body motion applied for all heavy atoms 

(

0,028 0-0009 0'0030) (0'0031 -- 0·0004 0'0010) 
T= 0·0284 -0·0005 L= 0·0064 0·0004 

0·0226 0·0039 

Principal axes of L (0) and their direction cosines 
4·6 - 0·0700 0·9883 0·1352 
3-8 -0'5736 0-0711 - 0·8 160 
z.g -0'8161 0·1347 0·5620 

Displacements of libration axes from the center of mass (A) 
Ll,l= 0·057 L1,3= -0-26 1 
L 2. 1 = - 0-424 L2. 3 = - 0-490 
L 3 • 1 = -0,505 L 3.1= -0'705 

(b) Rigid-body motion applied for ring atoms alone 

(

0.0216 0·0015 0'0020) (0'0068 0·0013 0'0009) 
T = 0·0206 - 0·0042 L = 0-0086 - 0·0023 

0-0248 0·0083 

Principal axes of L (0) and their direction cosines 
6·0 0·0988 0'7505 -0,6535 
5·1 0·7722 0·3563 0·5260 
4·0 0·6276 -0'5566 -0·5443 

Displacements of libration axes from the center of mass (A) 
LI.1= -0'289 L1.3= 0' 163 
L 2 • 1= -0·088 L 2 • 3 = - 0'512 
L3.1 = 0·229 L3. 2 = - 0·025 

There are several short intermolecular dista nces in 
RDX. Those considered to be the most significant are 
shown in Fig. 3. 

It may be interesting to compare the crystal structure 
of RDX with those of both 0:- and jJ-H MX (cyclotetra
methylene-tetranitramine) (Cady, Larson & Cromer, 
1963; Choi & Boutin, 1970), in view of the close simi
larity in chemical composition and explosive nature. 
The bond lengths and angles of RDX agree well with 
those of 0:- and jJ-HMX, except for the C-N- C angles, 
which are approximately 8° smaller in RDX than in 
HMX. In both compounds, the N-N01 group planes 
are bound tightly to the molecular ring by strong 
O· .. H as well as O· .. C interactions. The conforma
tion of the N-NOz group attachment to the molecular 
ring in RDX is very similar to that of o:-HMX. Very 
short intermolecular distances occur in both com
pounds. 
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BEEVERS HI NIJ .. TURE MODELS /1 1' ''11..- '<,1' ;1 1 :; 
.J 

DRILLED B.t..LLS "'J'JD CU;P RODS 

Bf.LLS are of ElethylrJethacryl ate polYDGr, of diatJeter Ci b01./c 6.9 lillJ.? (4·.9 D.ill 

for HYDROGEN). They arc drilled to 1 mi.:.l f rom the centre, so that 
each interatonic distance is 2 iill!l greater than the rod length. 0 

a re 1 mEl di8.YJetcr steel (sto inlcss~. The recolTIi:.lcl1.de d scale is 1 cm = 1 A, 
i. e. [' T,lRg1i.ification of exactly 10. Useful models can) h01'Jever, be [,lade 

RODS 

on ottlOr scnles usine; those i:latcri alo. The rods aro cut fro),J No .19 gauge 
v!iro. 

ASSElVIBL Y can be donG UShlg pliero, holding the rod i'-li th only 2 mll1 protruding 
a:Qd pressing into t he hole "lith a ti'listing i"!lov oment. lony burr on the 
rods r0uot f irst be reBoved pr eferably on a cup gr5:ndeT. Rods should be 
fina ll y pushed f i rLlly hODe "" i t h l argo pliers or by t he u se of a hammer 
and anvi l for the bs_ll o "' . 

f_R);9J~'§' 1 

.(25) t._B~~ls 6:~i~ 6d Ub 

~_Ql1~~90L1. ~.~_r;: 0.015) 

';0.01 ) 
-

i Rods 2d ( ;~ 
'-- -------- - --

BLLLS 6. 9;.:Jr.l 

r 0t'j\~~E ( N O~~li10t~~ ~lO' f..':illingl 
!, Blo.ck (Carbon) i I 

I l' . I ; - ~- ~-... -- ---~ .. - .-,. -~.- ~.- ---- . +~----t .. --.~.-.. - ~ .... 
~ Red (O" "gen) i i I "'", 1 I 
j_ .. -----_.- ------- ------_ .. -._.---- ---- - -- ----- --- _._-

l e 100 1000 1 
-5/;' ((b:25)- /~2/10/- U~2 .50) 1025.00 

5/-

1/-

U:o .15) ":;:1/10/- U~1.50 ) ;'::15.00 
.. - .--

( /tD.05) 10/- (':.0 "-0) i ' - • ') ~5.00 

DRILLINGS 

o 
OCT; Six holos, 90 angles 
TET : Four holeo / 10~}o8ngles 
TaI G: Throo holos i n o18nc, 

(s ~hybrid) 
o 

1 0 t 

THREE 1.T 10%- 0: non- plena I' 
Tl'l0 1.T • 

120 8nglos 

OJ.~E : 
1 Blue (Nitrogen) i . -
. I Gf:N.ERL_L : For oach t y[JO of drilling specify: 

i Ora.nge (B, Se, Te) 1 ------- - ----

! ]'ello1:' ( Sulpbur) i --- - --- -

:-'Green CF,Cl) ! I 
i l'j(lite (R~_re Gn3esy------ ·- --·--
! -Dc-rl{,BIUe-Tf;-E"i) i . 
! Turq uoise Br) --
: 1!lac P) 
I Pi nk .I .. s) 
I Brown __ ~(S=l=-' )l--__ ..Li' _~. __ . _ __ . 

TRJINSPI.RENT (Heta Is ) 

Initit.l holo with l"od •.•• CD. 

' TO I.E . I LROmm I.H'! __ "~ • ___ ._ .l. __ __ _ • _ __ .. ! 

- I ---- -~. in degrees 

I 1 * 
i.re drllllngs -t o--bo--c-on-t:i-osYY.JItictricu17 
YES/Nc). (If YCG onl y the nOHIt-lsYDY.1etric 
dri l lings need be ~ pocificd) . 

,., M-e:-3 lC(.. c1,(,.c. ~.:: -~ ': :') j! l : ~\\d,\i.r: ; \ 'f. 'tlh.<e be;.ll" 
I,.·., !r e'!' C " ~· ·,."c ';'- . . ' - " ·· '~·i",w,.-. "n'c-,) 
~ I~V 1..::; v .J _ ... .... V .J .\. " • • • "" y .... J..'C~ . t"'. C' .~ . 

RODS . 
,---.---~ I 
_ __ _ ~!L ~ ___ .!." ------. l -. _. _~.::_~.~ _____ : N 0_< ---J 
Q~..80_: _L.illL ~_D.::I:L_J:_i:::1L _______ ':"_. i -,--------- - '~ 

0.90 1.:),0 : C- H _______ ~ 
1.00 : 1.20 , C-C t:-i ol e ! 

'1:i1.: !. l~L! ; C- C double · -----;. -_._-_._--,----- --,._--"_ ._----_.- - '---. ' -------.~-
1.19 ! 1 • .59 . C- C QTO::lo.tic ! 
.. - -- .-- -.~. ---------~---- -

.L.Q.. i 1.113 ; 0- 0, 8-0 ; 
1.27 ! 1.~7 ; C- lJ : , 
IT-:3~-. -: -:L:34i-c::cJ-;~ng18--i - ----- 4 

11 . '25 i 1.75 1 C- e l 1 H- Cl ' __ j 
1.80 2.00 F- Ol 
2 . 61 2 . 81 p a- Cl 
~~ ~ 3 '5 c, C :-=(:""n-o- b-o-n-d-=-)""" --

I i 
1 

·_ -t 

InGert ony G [: ocio. l l engtl1s required.) 

COST: 6. 90E.l L)alls I 
i 

- -- -.; 
! 



BEEVERS lvIINHTURE MODELS 

ASSEI@LElJ HODELS August 1970 

The list has been extended to include some mode l s of s pec i a l i nterest. For 
example the Apatite mode l shm'ls ,",ell the place of Fluoj,"il1e in the lattice of 
bono- mineral. The Corundum model sho':·7s the curious distorti on of the structure 
Nbicb ':Jas en ear:.y s u~gestion of unexpected met81-to- uetal bonds. rEhe Cupri to 
TJodel shoNs the interpenetrati on of tvlO independent copper- o;~:.'gen lattices. I n 
Pb)OL! \'1e have evidemce fo r t he co- existence of tHO oxidation states in the one 
cr ~·stal. The l'.io lybdenuill Sul p~" ide structure shmls il ly this compound acts like a 
lubricant. Tlle Quartz model shoVls tho oxistonco of scrml a;~es a l l of the same 
sign, giving o ptico l uc tivit~7, ,",hile in the Zircon wodel there are scre':! axos 
of both senses, resulting in no optical activit y . Tho B.cgula l· Solids arc tll 0se 
kno'lJn to the ancient Gree k philoso phers, and tlle Snm'Jflake model ShONS the six 
a ITtiS of the t ypic~11 snovif l O,ke. 

There are i:i:ony othe r features of interes t brought out b y t his series of ''loo.els 
and they arc descri 'bed in the Legends 1:lllicl1 o.ccol"Jlpany each modol. 

The range of colo\..1ro used nOli! i ncludes trans parent b2\lls, end this adds further 
to the beauty of thOSG modelS, vlhich are outs-c,nnding in their cor..lpactness, accuracy, 
pcnlanence and cheo[Jness. 

Tho 10,.ler portion of' thio sheet can be usod to Order: 
NOTE: Spec ial boxes or sto..nds, ancl postages EKTRil. at cost • 

..... _------ -------- --- - ------ -------- ---------- ---- --------------- ------------------- ----- - - ---- -

/ 

To: EEEVERS ~nNIATURJ~ HODELS, 
SIHON &:l.UA~=tE CEJ\iTRE7 

- - -'') PLE.A SAFCE, EDI HBURGE 8, 
EHS 9HH, SCOTLAND . 

FroTu: 

Dato: Ordor l'To: 


