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Dimethylaminoborine trimer is a chair-shaped six membcred rhlg ()f alternating BH 2 and N(CHa) 2 
groups, with B - N =  1.59_+0-02 and C-N = 1.49_+0.02 tix. The crystals are orthorhombic, in the 
space group Prima or Pn2,a with four molecules in a unit cell of dimensions 

a = l l ' 2 0 ,  b=13-17, c=8"07-~ .  

Agreement factors assuming the space group Prima, are R = 2:llFol- I Fc'i/2J]Fo[ =0-19 and r = 
Xw(F2o-F~)2/Z~wF4 o =0.13. The possibility of a transition is discussed. 

Our structural results indicate that  the chemical formula is (BH.,)a[N(CHa)2]:,, rather than 
BaH,[N(CHa)2]a. 

Introduction 

Two new compounds characterized as BaH4[N(CHa)2]3 
and B4H6[N(CHa)2]e were prepared by Burg (1957) in 
a s tudy  of the reaction of d imethy lamine-borane  with 
BsH~. Formulas  were suggested in which B and N 
were four-coordinated,  and hence they  were presumed 
to be ring compounds of a new class with cross-ring 
bonds. 

The present  s tudy  of the first of these two com- 
pounds completes our pre l iminary report  (Trefonas & 
Lipseomb, 1959) t ha t  the compound is really 
(BH~.)a[N(CH3)2]a. This s tudy also substant ia tes  our 
agreement  with a concurrent  and independent  s tudy  
of the B It nuclear magnet ic  resonance spectrum which 
contains a 1 :2 :1  triplet  suggesting three equivalent  
BHo. groups (Campbell & Johnson,  1959). 

From visual est imates of the intensities with the aid 
of a t imed intensi ty scales from the same crystal ,  
a total  of 519 independent  reflections was obtained 

72 after  correlation of the /~hkz corrected by the usual 
Lorcntz-polarizat ion factors (Waser, 1951; Tunel], 
1939). Systemat ic  extinctions of ()kl f o r / c + l  odd and 
of hk0 when k is odd lead to either C~,-Pn21a or 
D~,-Pnma as possible space groups. The assulnption 
of four molecules in the unit  cell leads to a calculated 
densi ty of 0.945 g.cm. -~, in reasonable agreement  
with the observed density of 0-95 g.cm. -a for 
(BHo.)a[P(CHa)._,]a (Hamilton,  1955), which has a sim- 
ilar s t ructure  differing in some aspects of the packing 
as described below. A statist ical  s tudy of the inten- 
sities by the method of Howclls, Phillips & Rogers 
(1950) did not resolve the space group ambigui ty .  

Experimental  

A crystall ine sample almost  suitable for X- ray  s tudy 
was located in a capillary containing the material ,  and 
precession photograt)hs were t aken  with the use of 
Mo K a  radiat ion of the hO1; hll; hkh; Okl; hhl; 2k, k, l; 
)~, l -  h, 1 ; h, 3 1 -  3h, l; and h, k, h + 2k levels a t  a pre- 
cession angle of 25 °. Equi- incl inat ion Weisscnberg 
photographs of levels / = 0 ,  1, 2, 3 and 4 about  [001] 
were also taken  with the use of Cu K~ radiat ion.  
Prof. J .  Donohue kindly supplied us with excellent, 
well exposed Weissenberg photographs  of thc Me0, hkl 
and h/c2 levels from his prel iminary s tudy from which 
we were able to supplement  the da ta  from our rela- 
t ively poor crystal.  

The unit  cell is or thorhombic with dimensions 

a = l l . 20  + ().I~3, b = 13-17 + 0.04, c=  8.(~7 + 0.02 .&. 

* Present  address:  Division of Sciences, Louisiana. State 
Universi ty  in New Orleans, New Orleans 22, Louisiana, U.S.A. 

Structure determination 

Structure  factor calculations made on the assumption 
tha t  the atomic a r rangement  could be derived, with 
modifications of t)ond radi i ,  from the known 
(BH2)3[P(CHa)2]a s tructure gave such poor agreement 
with observed wdues tha t  we decided to compute the 
three (timensional sharpened Pa t te rson  function. Peak  
shapes were narrowed and improved by the addit ion 
of the gradient  function (Jacobson, Wunderl ich & 
Lipscomb, 1959, 1961). Several small, resolved peaks 
and their  symmet ry  related peaks in Pat terson space 
were chosen for successive three-dimensional point-by- 
point supcrpositions, in each of which the minimum 
function (Buerger, 1951) was used on a high speed 
digital computer.  The s t ructure  which emerged, con- 
sisting of a non-phmar  s ix-membcred ring with two 
additional a toms close to each of three a l ternate  ring 
atoms, was carefully rechecked in the vectors within 
3 :~ of the origin of Pa t te r son  space. ] 'his procedure, 
however, left the origin of the unit cell ambiguous at 



274 C R Y S T A L  S T R U C T U R E  OF (BH2):,[N(CH:,)2].~ 

Table 1. Fractional coordinates and individual temperature factors 

Atom B 1 
:r 0.147 
y 0.152 
z 0.591 
~ I 1  0 " 0 0 8  

fl22 0.008 
flaa 0"013 
fll~ - 0-002 
fl~,~ 0.000 
fl23 - -  0 " 0 0 2  

B, isotropie equivalent (.t_2) 3-7 

Be Na N2 C1 Cz Ca C4 
0-256 0.079 0-186 0.285 0.093 -- 0.049 0-068 
0-250* 0.250* 0.149 0.067 0.124 0-250* 0-250* 
0.342 0" 645 0.404 0" 382 0.283 0.598 0.822 
0.014 0.007 0.010 0.016 0-014 0.010 0-026 
0-006 0"011 0.004 0-006 0.006 0.012 0.020 
0.031 0.008 0.020 0.040 0.020 0.043 0.007 
0"0" 0"0" 0.001 0.007 - 0.005 0.0" 0.0" 
0.013 0.000 -- 0.001 I).003 -- 0.007 0.006 0-005 
0"0* 0.0" -- 0.004 -- 0.003 0.000 0.0" 0.0" 
7.5 2.8 5.0 9.4 5.5 9.6 5-2 

* Parameter fixed by Pnma si)aee group symmetry. 

~, 0, 0; I, 0, 0; 0, <~, } or ¼, 0, ¼ because of the  ex t ra  
s y m m e t r y  in the  Pa t t e r son  funct ion .  R a t h e r  t han  
carry out  add i t iona l  superposi t ions ,  we dec ided  s imply  
to tes t  each of these  four choices of origin re la t ive  to 
the  molecular  coordina tes  by compar ing  s t ruc ture  
factor  ag reemen t  R = Z i l F o l - i F  'I/ZIFol af ter  th ree  , i c ' , .  

('ycles of least-s(tuarcs r e f inement  (diagonal t e rms  
only,  space group Pn2~a). The choice of 0, 0, 0 gave  
R=0.311, a t  least  0-15 smaller  t h a n  any  o ther  choice, 
and  was accep ted  as correct. The molecular  s t ruc ture ,  
which even tua l l y  refined,  was essent ia l ly  correct  at  
this  stage, and  the  crystal  s y m m e t r y  was close to 
Pnraa. However ,  small  d i sp lacement s  in to  the  lower 
s y m m e t r y  of Pn21a could not  1)e e l imina ted ,  and  hence  
some a m b i g u i t y  remains  in the  choice of the  space 
group.  

In  the  ear ly  stages of r e f inemen t  by least -squares  
me thods  an ex t inc t ion  p h e n o m e n o n  became a p p a r e n t  
in a few large intensi t ies .  A correct ion of the  form 
F,2=F2(I + n F  2) .i was t h e n  appl ied,  where  a single 
value of x was chosen for the  20 largest  reflections.  
l~ef inement  (on the  R e m i n g t o n  R a n d  l l03) wi th  
d iagonal  t e rms  only  and  isotropic t e m p e r a t u r e  factors, 
in the  space group Prima, f inal ly  v ie ldcd  values of 
R = 0 . 2 3  and  r=JL~wl'Fo]2-!Fcie12/22w!Fo]4=O.13 after  
add i t i on  of the  two H a toms  on each B, and  the  
add i t ion  of six one-half  H a toms  to represent  each 
p re sumab ly  d i sordered  Ha group on CH3. W h e n  all 
a toms  excep t  H were a l lowed to vary  anisotropical ly ,  
values of R=0 .2 ( l  and  r = 0 . 1 0  were f inal ly obta ined .  
In  these  r e f i nemen t s  the  value ()f w=(8Fmin./Fo) 4 
was chosen f()r all Fo>NFmin., and , ' = 1  for all 
Fo < 8Fmin. .  

I t  is diff icul t  to be sure of the  un iqueness  of dis- 
p l acemen t  of a toms  in to  the  lower s y m m e t r y  of Pn2ta. 
However ,  the  d isp laccnmnts  would  have  to be small,  
in view of the  good a g r e e m e n t  ob ta ined  in Pnma,  
and  the  molecule  would prot)ably have  t() I)e ro t a t ed  
or t i l t ed  as a whole, in view of the  reasonable  molecular  
pa rame te r s  o b t a i n e d  in Prima. Accordingly,  we chose 
abou t  a 4 ° ro t a t ion  of the  molecule  abou t  an axis 
t h rough  its center  and  paral lel  to z as the  most  
reasonat)]e d i sp lacement .  R e f i n e m e n t  of this s t ruc ture  
on the  R e m i n g t o n  R a n d  1103 reached  R = 0 . 2 4  and  
/ '=0 .20  when  the  t e m p e r a t u r e  factors  were isotropic,  
and  R = 0 . 1 9  and  r = 0 . 1 0  when  t e m p e r a t u r e  factors 

were anisotropic  on all a toms  except  hydrogen ,  which 
had  been t r e a t ed  as t h e y  were in the  cen t rosymmetr i ( '  
r e f inement .  Some fur ther  promise  of r e f inemen t  was 
apparen t ,  even  at  this stage, but  a de ta i l ed  compar ison  
of s t ruc tures  i nd i ca t ed  tha t ,  a t  least, a s t r ik ing 
i m p r o v e m e n t  in the  a g r e e m e n t  would  not occur in 
the  space group of lower s y m m e t r y .  

We then  dec ided  to f inish the  r e f inemen t  in Pnnw,  
and,  for geographical  reasons, these  fu r the r  calcula- 
t ions were carr ied out  on an IBM 704 wi th  the  use 
of the  full matr ix .  Weigh t s  were changed  to w =  
(6Fmin./Fo) 4 for Fo > 6Fmin. in order  to agree wi th  our  
prejudices  concerning the  m e a s u r e m e n t s  of intensi t ies ,  
and  the  ex t inc t ion  correct ion was r e d e t e r m i n e d  to give 
~ = 1 . 6 2 x  l0  -4. Our final pa rame te r s  (Table 1) were 
ob ta ined  af ter  two cycles in which the  h y d r o g e n  a toms  
were f ixed in posi t ion,  but  en t e r ed  as descr ibed  above,  
and  t e m p e r a t u r e  factors on all o ther  a toms  were 
var ied  anisotropical ly .  Values of a tomic  pa r ame te r s  
are shown in Table  l,  and  final  a g r e e m e n t  factors,  
now R = 0 . 1 9  and  r = 0 . 1 3 ,  are shown in Table  2. 
Calcula ted  and  observed  s t ruc tu re  factors are shown 
in Table  3 for the  final c e n t r o s y m m e t r i c  r e f inement .  

Table  "2. R J'actors Jot various classes 

Overall R=S! !Fo l -  !FcI'/Si.Fo[ = 0-193 
Number of 

Class R 

Okl 0.19 
h Ol 0.17 
h,kO O. l 7 
h = 2n t).2 ! 
b = 2 n +  1 I).21 
k= 2n I).23 
k=2n + I 0.20 
l = 2n 0.26 
l =2n + i 0-18 
k+l  =2n 0.25 Above 0.90 
k+l = 2 n + l  0.18 
l+h =2n ().19 
l+h = 2 n + l  0.23 
h+k=2n 0.21 
h + k = 2 n +  1 0.21 
h+k+l=2n I)-21 
h+k+l=2~+ [ 0.22 

sin 0 range R reflections 

0-0.40 0.14 93 
0.40-0-50 t). 18 83 
0-50-0.60 0.20 112 
0.60-0.65 0.24 54 
0.65-0.70 0-21 59 
0.70--0.75 i).2] 51 
0.75-0.80 0.35 31 
0-80-0.85 0.40 24 
0.85-0.90 0"42 I~ 

0.50 4 

All e lec t ron  dens i ty  map,  shown in Fig. 1, ind ica ted  
no spurious contours  as high as l e .A -3. Al though  
the  two C a toms  on the  mirror  p lane  of Pnma have  
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o y ~  
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Table  5. Bond distances and bond attgles 

Individual Average over Average 
distances whole molecule deviation 

1/2 
' ] N~-Bt l '56A} 

B1-N 2 1"58 B-N l'59 A +0.027 A 
/'I N2-B" 1"63 

N 2 -C 1 1"55 | 
N2-C ~ 1"46 ! 
NI--C:, 1"48 [ N-C l'49 + 0"042 
N1-C 4 1"43 ! 

N1-N 2 2"65 1 N-N 2-66 + 0-010 
N2-N ~ 2.67 ( 

C9-C 3 3.43 1 C-C 3-39 + 0.053 
c~-c:  3.31 f (2, 2', 3) 
CI-C 4 4-93 t C-C 4.89 __+ 0-050 
c , -e~ 4.82 f (l, 1',4) 

Fig. 1. Composite electron density map projected along the 
c axis with ~ skeleton of the molecule superimposed. 
Contours arc at intervals of l e.A -3. Lowest contour is at 
l e.A -'~. Dashed contours are shown for atoms be.hind those 
having solid contours. 

h)wer peak  densi t ies  t h a n  a n y  of the  B a toms,  the  
i n t e g r a t e d  e lectron d e n s i t y  of each C a tom is sub- 
s t a n t i a l l y  g rea te r  t h a n  t h a t  for B. This  effect  shows 
up, a t  leas t  on an  average,  in  the  t e m p e r a t u r e  fac tors  
(Table 1). 

A difference e lec t ron d e n s i t y  map,  also in the  space 
group Pnma,  was ca lcu la ted  in three  d imens ions  wi th  
B, C a n d  N s u b t r a c t e d  out.  The  resul ts ,  summar i zed  
in Tab le  4, i nd ica t ed  12 peaks  a t  or near  p robab le  H 
posi t ions,  3 peaks  wi th in  0-2 A of B or N, a n d  no 
nega t ive  regions lower t h a n  - 0 . 1  e.e~ -3. Of the  22 
peaks  a t  he igh t s  r ang ing  from 0.75 e..~_ -a to 0-3 e .A -3, 
the  h ighes t  peak  not  i n t e rp r e t ed  as 1-[ or a residue of 
B or N is at  0-36 e . : \  -:~ 

R e s u l t s  a n d  d i s c u s s i o n  

W i t h i n  e x p e r i m e n t a l  error  a chair  shaped  molecule of 
C3v s y m m c t r y  (Fig. 2) resul t s  f rom the  r e f inemen t  of 
the  c rys t a l  s t ruc tu re  (Fig. 3) in the  c e n t r o s y m m e t r i c  
space group,  Prima. The  s t a n d a r d  de r iva t ions  of bond  
lengths  a n d  angles  (Table 5) as ca lcu la ted  f rom the  
comple te  m a t r i x  of the  leas t - squares  r e f inemen t  in 
Prima are + 0.022 A for B - N ,  + 0.019 A for C - N  a n d  
__ 1.5 ° for the  bond  angles.  The  average  C - N  d i s t ance  
of 1.49 A agrees qui te  well w i th  the  expcc ted  va lue  of 
1"47 A (Paul ing ,  1960). However ,  the  average  B - N  
d i s tance  of 1.59 A is in poor ag reemen t  wi th  the  va lue  
of 1.47 ~ ca lcu la ted  from the  S c h o m a k e r - S t e v e n s o n  
rule (1941) a s suming  r1~=0"81 z~, rN=0"74 ~ and() .08 

Individual Average over Average 
angles whole molecule, deviation 

/- B~--N1-B~ 111½ ° 1 
/__ BI_N.r2_B 2 113½0 ~ /_ B--N-I~ 113 ° _+ 1 ~" 

./ N1-BI-N 2 115~ ° } 
/ N2-Bg-N e 110~° . /_ N-B-N 114 ~ +__2 ° 

Z_ C1-N2-C z 106 ° t 
Z C3-Nt-C 4 100 ° f _f_ C-N--C 104 ° + 2.~:" 

/_ C1--N,~-B,~ 10l ° | 
if_ C2-N2-B 2 108½ ° / /_ C1-N~-B I 109 ° / ~ ~; C-N-.I 10.q..~ ~ + 3~ / Cz-Nz-B 1 116½ ° [ . . . .  
/ Ca-Nt-B 1 113½ ° | 
/ C4-N1-B x 108½ ° J 

as the  cons t an t  in the  e l ec t ronega t iv i t y  equa t ion  
(Paul ing,  1960). The  t e t r a h e d r a l  radius  of boron 
(0-88 A) would improve  the  ag reemen t  somewhat ,  bu t  
the  concept  of a pa r t i cu la r  cova len t  rad ius  for boron 
in i ts  cova len t  compounds  is ques t ionable .  Never the -  
less, our B - N  bond d is tance  of 1.59 .&_ is in excel lent  
ag reemen t  wi th  the  d i s tance  of 1-58 ./~ found  in 

C~ 

N2 

C1 Bz 

C~ c2 

Fig. 2. Perspective view of isolate(t molecule. Primed atoms 
are related to unprimed atoms by a mirror plane. 
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(NHa)eBHeC1 (Nordman & Peterson, 1959) and of 1.58 
found in (NHa)BaHv (Nordman & Riemann,  1959). 
The average C-N-C angle is 104 +_ 3 °, while the B - N - B  
angles average to 113 +_ 1 °. These angles differ, perhaps  
only barely  significantly, in a relative way which is 
consistent with a predicted deviat ion from sp a hy- 
bridization" a central  a tom bonded with local Co~ 
s y m m e t r y  should show a C-N-C  angle of 106 ° if the 
B - N - B  angle is assumed to be l l3 ° and if the bonded 
a toms lie in the  directions of the hyt)rid orbitals 
(Coulson, 1948). 

Thus the molecular s t ructure  is known, a l though a 
comparison of results for refinement in Pnma and 
Pn2~a does not completely resolve the space group 
assignment.  Perhaps  the  major  reason for this dif- 
f iculty is tha t  the rat io of ot)servations to unknowns 
is only 4.8, or 1-9 if four parameters  are included for 
each H atom, in Pn2ta. These ratios arc approximate ly  
twice as large in Pnma. Thus we cannot  be sure tha t  
slightly lower agreement  factors obtainable in Pn21a 
are really significant. In  addit ion our refinements in 
Pn2~a have led to average deviations of coordinates 
1.8 t imcs larger than  those in Pnma, and positions of 
C, a toms which differed in these space groups t)y about 
6(aa  + a,,), where a~ and ac are s t andard  deviations of 
atomic positions in the aeentrie and eentrie space 
groups, respectively. Thus it would appear ,  assuming 
purely random errors in the observations,  t ha t  the 
final atomic positions in the centrie and aeentric 
refinements differ significantly. However,  the molec- 
ular s t ructure  itself shows internal  inconsistency in 
Pn2~a. For example, the two B - N  distances differing 
most differ 1)y 0.07 ~ in Pnma lint by as much as 
0.30 )t in Pn21a. We are reluctant ,  therefore, to claim 
tha t  our errors in observational  da t a  are completely 
random,  and, perhat)s , to favor  slightly the choice of 
Pnma over Pn2ta merely on the grounds of internal  
consistency of the molecular paranmters .  

Al though the difference electron densi ty function 
gave some evidence for all H atoms on B atoms, the 
H ' s  on CHa groups were not found. An a t t emp t  to 
place these la t ter  H ' s  by sterie a rguments  has yielded 
some interesting eonclusions. Aetua.lly, no completely 
sat isfactory fixed a r rangement  of H atoms was found 
in either Pnma or Pn21a. The steric interactions were 
more serious in Pnma, where intramolecular  H . - .  H 
distances as low as 1.85 ; \  occurred when a str iet ly 
s taggered a r rangement  of CHa was assumed relat ive 
to the remainder  of the moleeule. However,  in the 
lower s y m m e t r y  of Pn2~a, the shortest  in t ramoleeular  
l-I • • • H distance of 2.1 .& was much more sat isfactory,  
and was obtained only by a simultaneous reoricnta- 
tion by 30 ° of the methyl  H ' s  of C,~, C.; and Ca in the 
same relative direction, and a 15 ° reorientat ion of the 
methyl  H ' s  of C~, C£ and C4 (Fig. 2). I n  addition, 
I-I a toms of CHa and I f  a toms of BH~ showed intra-  
molecular contacts of 2.05 .?~, which could be length- 
ened somewhat  by slight reorientat ion of the BH~ 
groups. Fig. 3 exhibits these impor tan t  short  H • • • I-I 

1/4!, I/&i 
V~ 

0 ~3 b= 13-17 I~ - -  - - ?  - - - , - ~ -  . . . . . . . . . . . . . . . . . .  

I - + e 4 % , , L % ' ~ -  " " ,  

[ 
0 =11"20  o - ~  . " i ~  ,.:, . . . .  ~ " N  ~ "  .X:?..",, I 

I ~ "  ~x~. ~ - - + .  da' , ~ - ~ "  , , 

J , , , .  t 

I . . . . .  <0""  A b - % .  ~ . , ' ~ I k  J '  J 

. . . . . . . . . . . . . . .  ' -  

Fig. 3. Project ion of the  uni t  cell along the c axis including 
hydrogen  a tom positions as calculated from heavy  a tom 
positions so as to maximize hydrogen  I t . . .  I t  contact, 
distances. The closest H . . .  H distances between groups 
are shown by dot ted  lines. Methyl  hydrogens  follow Pn21a 
s y m m e t r y  while all other  a toms follow Pnrna symmet ry .  
Pr imed a toms  are related to unpr imed a toms by the mirror 
planes. Prima space grou I) s y m m e t r y  elements are shown 
except for the mirror planes at  y = ¼, ~ and the screw axes 
parallel to c a t  (l,  ¼), (:I, ~), (~, t), (~, ~) which interfere 
with the projected s tructure.  

contacts based upon Pn2ta for the H atoms, and 
indicates tha t  the shortest  intermoleeular H . . - H  
distances are 2.3 A, only a bit shorter than  the ex- 
pected van der Waals  contact  of 2.4 ~. 

The heavier  atoms, on the other hand,  were given 
the symmet ry  of Pnma in this model, and hence we 
suggest tha t  eooperative reorientat ion of H atoms 
occurs with, possibly, very short  range order, but  with 
long range disorder. On the basis of the problems 
presented by the H . . -  H contacts we suspect tha t  a 
transit ion to a lower synmmtry  than  Pnma might be 
found at  lower temperatures .  

There is a striking similari ty between the s tructures 
of (Bl-[e)a[N(CHa)e]a and (BH..,)a[P(CHa),,.Ia, which has 
.~ymmet.ry Pnma and lattice parameters ,  

a = l l . 1 6 ,  b--13.16, c=10.53  .~ 

(Hamilton,  1955). However,  if the fractional  coo> 
dinates of the phosphorus compound are subst i tuted 
into tile unit  cell of the nitrogen compound, and small 
corrections for differences in covalent radii are made 
the atomic positions differ by an average of 0.6 A, 
a max imum of 0.9 ~ and a minimum of 0.3 _~ from 
the final coordinates. Thus there is enough difference 
in the orientat ion of molecules in their  corresponding 
unit  cells to have given poor agreement  when this sub- 
s t i tut ion of parameters  was made very  early in our 
s tudy,  and hence this method of a t t ack  on the struc- 
ture was unfor tunate ly  abandoned;  it is, nevertheless, 
possible t ha t  Fourier  ref inement might  have yielded 
the correct s t ructure  but it was not a t tempted .  

The compounds 
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(BH2)a[N(CHa)~]a and (BHe)a[P(CHa)~]a, 

as well as (BHe)a[As(CHa)2]a (Stone & Burg, 1954), 
form the unique analogues of C~(CHah~. The pairs 
BHaNHa and C~.H~, and BaNaH~ and C~H~ extend this 
analogy. Finally,  it is probably  safe to assume tha t  
(CHaNH)a(BHe)~ (Bissott & Parry ,  1955) will also be 
shown to be based on the s ix-membered sa tura ted  
inorganic analogue of the cyclohexane ring. 

We are indebted to Prof. A. B. Burg for supplying 
us with crystals of the compound and Prof. Donohue 
for some of the X- ray  diffraction photographs.  We 
wish to thank  the Univers i ty  of Minnesota for t ime 
on the Univac 1103 computer,  and the Li t tauer  Sta- 
tistical Labora to ry  of H a r v a r d  Universi ty  for as- 
sistance in the use of the IBM 704 computer.  This 
research was supported in par t  by the Office of Nava l  
Research and the Office of Ordnance Research. We 
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Dut)ont Corporation for a fellowship to F .S .M.  

References  

BISSOTT, T. C. & PARnY, R. W. (1955). J .  Amer .  Chem. 
Soc. 77, 348]. 

BUERGER, M. J.  (1951). Acta Cryst. 4, 531. 
BURG, A. B. (1957). J .  Amer .  Chem. Soc. 79, 2129. 
CAMPBELL, G. & JOHNSON, L. (1959). J .  Amer .  Chem. 

,Yoc. 81, 3800. 
COULSOg, C. A. (1948). VI(:TOR HENaI Memorial Edition 

Contribution d l '~tude de la Structure =~/Ioleculaire. 
p. 25. Desour, Liege. 

HAMXLTON, ~V. C. (1955). Acta Cryst. 8, 199. 
HOWELLS, E. R., I'mLLIPS. D. C. & ROGERS, D. (1950). 

A cta Cryst. 3. 210. 
JAeOBSON, R. A., W~:~DE~LICH, J.  A. & LIPSCOM~, W. N. 

(1959). Nature,  Lond.  184, 1719. 
JACOBSON, R.  A.. W(rNDERLICH, J .  A. & LIPSCOMB, W. N. 

(1961). Acta Cryst. (To be published.) 
NORI)MAN, C. E.  c~5 [)ETERSO_N r. C. R .  (1959). ,1. A~m~r. 

Chem. Soc. 81, 3551. 
NORDMAN, C. E. & RIEMANN. C. (1959). J .  Anger. Chen~. 

Sot'.. 81, 3538. 
PAULL'~G, L. (1960). The Nature of the Chemical Bond.  

pp. 228, 229, 246. Ithaca, New York: Cornell Univer- 
sity Press. 

S(~tIOMAKER, V. & STEVENSON, 1). ]:). (1941). J .  Amer .  
Chem. Soc. 63, 37. 

STO_XE, F. G. A. & BunG. A. B. (1954). J .  Amer .  Chem. 
Sot;. 76, 386. 

TRFFONAS, L. M. & LI1"SCOMn, "W. N. (1959). J .  Amer .  
Chem. Soc. 81, 4435. 

TU~rELL, G. (1939). Amcr. M i n .  24, 448. 
~VAsEI~, J. (1951). Rec. Sci.  Ins t rum.  22, 567. 

Acta Cryst. (1961). 14, 278 

La Structure des Colloides d'Association.  III. Descript ion des Phases  
M6somorphes  des Savons de Sodium Purs,  Rencontr6es au -Dessus  de 100 °C. 

PAR A. E. SKOULIOS ET V. LUZZATI 

Centre de Recherches sur  le~' Macromoldcules ,  6, rue Bouss ingau l t ,  Strasbourg, France  

(Regu le 15 mars 1960) 

An X-ray diffraction study has been carried out on the colloidal phases of pure sodium soaps at  
high temperatures. The structures of the various phases have been determined and the parameters 
of the structural elements are discussed. A mechanism for the stepwise melting of sodium soaps is 
proposed. 

Introduct ion  

Dans les deux premiers m(!moires de cette s~rie 
(Luzzati  et al., 196(}; Husson et al., 1960) que l 'on 
d6signera dans ]a suite par  I et I I  respectivement,  
on a d@rit  la s t ructure  des phases m6somorphes que 
l 'on rencontre dans les systbmes binaires amphiphi le -  
eau et on a mis en rappor t  les ph~nombnes singuliers 
que l 'on observe dans ces syst~mes avec la s t ructure  
chimique des mol@ules. 

Or on salt  que la prdsence d 'eau n 'est  pas indispen- 
.~able pour l 'existence de phases m6somorphes:  de 

telles structure~ ont 6.t~ observ@s dans des systbmes 
binaires savon-solvant  non polaire et mSme dans des 
savons i)urs, h haute  temperature .  

En part iculier  ]es savons de sodium purs passent, 
lorsqu'on ~lbve la temperature ,  par  toute  une sd.rie de 
phases colloidales distinctes, comprises entre la phase 
cristalline rencontr~e '~ temp6rature  ordinaire et la 
phase liquide observ6e au-dcssus de 300 °C. De nom- 
breux chercheurs ont 6.tudi6 ce ph~nom~ne par  diverses 
techniques:  observation au microscope polarisant  
(Void & Vold, 1939), analyse thermique (Vold, 1941a), 
dilatom6trie (Benton et al., 1955). Les tempe~ratures 


